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PREFACE

An important tool in weapon effects research is the numerical

integration of the differential equations of motion for high tempera-

ture, high pressure gases. Computer programs ;which describe hydro-

dynamic motion and which can accommodate radiation transport have

been helpful in describing blast effects, fireball growth, high ex-

plosive detonation waves, shock tube experiments, bubble expansions,

radiation blow-off phenomena, thermal radiation phenomena, high

altitude effects, and underground explosion initial phases.

Such programs have existed at RAND in various but increasing

degrees of sophistication for the past 14 years. Many reports on

blast waves, fireballs, etc., have presented results of such calcula-

tions. Currently, sevpral other organizations use similar programs,

but many more would enjoy the capability if such a code were generally

available and easily applied.

This report attempts to answer a portion of that need by describ-

ing in detail a program designed for ease of application to a wide

variety of problems. This program has evolved from earlier versions

(by Brode), and is the product of the present authors' efforts over

the past three years. Simplicity and generality are often mutually

exclusive objectives. The compromises made in this computer program

have tended to favor generality rather than simplicity on the supposi-

tion that it is easier for a user to simplify by dropping subroutines

and unwanted features than to invent new routines in order to handle

each new problem.
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SUMMARY

This report contains a numerical program for solving hydro-

dynamic flow and radiation transport problems in the diffusion and

grey-body approximations. The program is appropriate to the solution

of explosicn and shock wave problems, and to the study of high ex-

plosive or nuclear fireballs, hot gas dynamics, deflagrations and

detonations, bubble phenomena, shock tube flows, and can be adapted

to a host of other dynamics problems. It is restricted to plane,

cylindrical, or spherical symmetry.

The report offers (1) a description of the assumed physical

model, (2) a rationale' for the difference equations and integration

techniques used in the mathematical formulation, (3) a complete set

of flow diagrams for the program and its subroutines, (4) a listing

of the code, (5) two illustrative example calculations for hydro-

dynamics and for radiation flow, and (6) helpful hints for checking

and running versions of the program.

, ri

- --.- ~-.------.-.,



-vii-

ACKNOWLEDGEMENTS

This program is the work of many people, and is the end result

of a series of previous programs to which even more people contributed.

We wish to express our gratitude to these many contributors and

earlier workers, and to acknowledge the support of the Computer

Science Department as well as the Physics Department at RAND. The

early programming efforts were well begun by Richard Crote, advised

and supervised by Ivan Finkle, and contributed to by Jane Richardson.

We are further indebted to the Computer Science Department for having

forsaken the IBM-7090 for the present 7040-7044 computer system three

years ago, since re-prog!:amming would otherwise not have been necessary

and this streamlined version might not have been written for general

use.

With no intent to minimize the efforts of any of the many con-

tributors, we would like to single out a few others whose involvement

was more than casual. Olen Nance has been a staunch advocate of the

work and has reviewed this report and tried out the program. Hannah

Wright patiently copied all the flow diagrams, and Alice Smith typed

and lashed the whole report together.

1*

* o , . - ,s , -.,,- -,," ' . ..' t*-' :. . .r- . . .- -; " , , I



I K

CONTENTS 1
PREFACE ***..**.**...**..*.******, i

ACKNOJLEDGEMENTS .... *.**......*................vii

Section

o INTRODUCTION I...................................... 1
II, PHYSICAL ASSUMPTION & MATHEMATICAL FORMULATION .... 3

Differential Equations ........................ 3
Difference Equations .......................... 6
Radiation Diffusion ............. 8 ............. 8
Explicit Radiation Diffusion .................. 9
Implicit Radiati6n Diffusion .................. 10
Added Mass .................................... 13
Sources, Sl-s and Depletion .................. 14
Stability Requirements ........................ 15

III, HYDRODYNAMIC EXAMPLE .. ...................... . 21
Interpretation of Example Problem Number 1
Output .................... 26

IV RADIATION EXAMPLE ................................. 64

V. DESCRIPTION OF "GENERATE" PROGRAM 110
Introductory Remarks "............. .... .... 110
Data Description ............................... 110
Restarting with Altering of any Constants ...... 123
Equation of State (EOS) Handling 123
Subroutine Description ........................ 126

VI. DESCRIPTION OF "EXECUTE" PROGRAM ...... 251
Introduction ................................... 251
Data Description ............................... 251
Equation of State Handling .................... 254
Subroutine Description ............. ........... 258

VII. TABCOE PROGRAM DESCRIPTION ........................ 350
Pur p ose ........................ 00 00 0* 0 a................ 3 50

Method ..... ... ..... ........ ... ........ 352
Input Data *.................................... 352
Output a. **.... ....*................ 354

VIII. NOTES FOR FORTRAN VERSION ........................ 355

IX, HOW TO RUN "HAROLD"--A PROGRAMMERS POINT OF VIEW .. 369
Control Cards .................................. 371
Test Case I 0................................... 378
Input Data & Subroutines Included for Execute
Part of Test Case I .......................... 382

Check List ........................ * .... * * o. # 383 

X. CONCLUSIONS AND PECOMMENDATIONS ................... 384

________________________________



CONTEMfS (Continued)

Appendix - GLOSSARY ........................................ 385

REFERENCES ........................................... 402

11

iiR



-1- 1
I. INTRODUCTION

This is a world full of dynamics and transient phenomena, and

our efforts to cope with and to better understand the physical forces

and reactions associated with some of the high pressure, high tempera-

ture features have become both extensive and intensive. We search

for theories to describe sucti videly differing time-dependent processes

as occur in atmospheric re-entry of space vehicles or ballistic

missiles, in nuclear explosions, stellar energetics, or lightning

strokes. We look for rather precise descriptions for the dynamic

properties of many such problems, even where the situation calls for

coupled radiation and hydrodynamic flow treatment. In the absence of

adequate analytic solutions, numerical procedures have grown to such

sophistication as to be able to accommodate much of the physics in-

volved and to include both greater realism and detail in treating

boundary conditions, material properties, and geometrical factors.

It is now practical to solve a wide variety of radiation and hydro-

dynamic flow problems by means of computer programs for numerical

integration of differential formulations.

The object of this memorandum is to describe in detail one such 4
numerical program. The program is capable of calculating in one

space dimension (spherical, cylindrical, or plane symmetry) hydro-
dynamic motions including shocks, Radiation diffusion, grey-body .
or other radiation losses, and energy sinks or sources are simul-

taneously calculable with this code.

With such a program, calculations can be run which provide a

reasonable approxiration to the blast and thermal phenomena from

nuclear or high explosive detonations. It can compute the responses

of simple targets to blast and/or thermal radiation loads. It can

predict some deep underground or underwater explosion phenomena, and

can be used for transient blow-off and ablation descriptions. The

program has been used to investigate shock flows down tunnels, the

dynamics of lightning strokes, shock interactions, explosive dynamics

in cavities, in space, and in a variety of materials and environments.

In addition, shock and radiation flow characteristics can be studied
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in reflection or transmission normal to interfaces - between air and

water, between water and soil, or between various metals and/or other

solids (treated as compressible fluids).

The general mechanisms for integrating the partial differential

equations that govern the phenomena of radiation diffusion and hydro-

dynamic motions are approximately the same for all these types of

investigations. The chief differences lie in the fixing of different

initial and boundary conditions and in finding appropriate equations

of state and opacities for the materials involved. Many of these

latter problems have been minimized in the present program, and much

of the pain and special programming usually required to set up a new

problem can be avoided. The provision for simplified selection of

output variables and display of results also makes it easier to get

the most out of each problem.

However, the basic computational methods are similar to those

of previous codes developed by one of us (Brode).

I,,
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II. HYSCAL ASUm OS MID MATDTICAL KWTION

A description of the dynamics of an explosion can be obtained

from the solution of a set of nonlinear, partial differential

equations which represent the conservation of mass, momentum, and

energy in some symmetry. These conservation laws may be expressed

mathematically in several ways, but are generally formulated in terms

of either Eulerian or Lagrangian coordinates. The Eulerian form is

an expression of the conservation laws as viewed from coordinate

systems fixed in space, and the Lagrangian form is an expression of

the sane conservations in terms of a fixed set of masses or gas

particles. A solution in the Eulerian case may represent the history

of a blast wave at a fixed point, while in a Lagrangian system a

solution may describe the experience of each particle (or an initially

identified volume or mass of gas) as it moves abou,. Lagrangian

(i.e., mass) coordinates are used in the present program.

Most of the currently useful methods for obtaining numerical

solutions to problems in hydrodynamics (with or without radiation

flow) employ a finite difference technique in which the motions are

followed from some initial time to subsequent times through a series

of finite time inci.ements and over a set of discrete mass or space

differential elements. The equations that govern this iterative

integration procedure approximate the differential equations of flow

and are called difference equations.

DIPFERENTIA EOUATIONS

In terms of the variables explicitly treated in this program,

expression of the conservation of mass takes the following differential

f orm:
f1 = V - (spherical)P 3 2in

1 -RZ  (cylindrical)
2am

(1)
- (plane)

nI
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A ! 6 1,2,3 (1)

in which p represents density (V, specific volume), R a radius or

spherical dimension, and m the mass.

It is understood that unit length is included in the volume

of cylindrical syrxetry, and unit area is included in the volume

for plane geometry. The mass (m) is defined as the mass per steradian

(1ass/4n) in spherical symmetry (m = r pr 2dr), while m is mass per

radian per unit length (Mass/2vL) in cylindrical symmetry (m = 0r prdr),

and is mass per unit area (Mass/L 2 ) in plane symmetry (m I pdx).

The conservation of momentum in differential form appears as

Au- R6 1  - (F+Q), (2)t aim

in which u is a particle ot gas velocity, P represents pressure, Q

is the artificial viscosity pressure, and t represents the time.

The artificial viscosity is a convenience first introduced by

Von Neumann and Richtmyer(1) for numerical treatment of shock waves.

Its effect is to diffuse a shock front and thus avoid the paradoxical

situation of discontinuities or sharp shock fronts running through

discrete mass elements. A discontinuity in hydrodynamic parameters

requires special treatment in finite difference numerical schemes

in order to avoid extreme oscillations and instabilities. The

artificial viscosity not only avoids special routines, but auto-

matically acconmodates all shocks, even multiple shocks wherever

and whenever they occur. At the same time, with some care in selection

of problem parameters such as zone size and artificial viscosity

amplitudes, the spread of shocks can be held to a practical minimum

and so not degrade the accuracy of results.
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The artifi,.ial viscosity form originally considered (in plane

geometry) by Von Neumann and Richtmyer was

2Q(M) av x (3)
V dt t

in which C is an arbitrary constant, dimensionless, and of value

near unity. As this form indicates, for compressions (i.e., when

6V/ t is negative), a positive viscous pressure is generated, which

has a magnitude proportional to the square of the rate of compression

and the square of a mass element in.

Restricting viscous contributions to compressions only leads to

a modified form
(2)

Q (Chm) 2  V Vt t t i (4)

Q = 2VR 2 (6I) " ,t B

in which we have included a dimensional factor to maintain C as

dimensionless in cylindrical and spherical systems.

For weak shocks, this quadratic form tends to generate serious

oscillations behind a shock front. A linear viscosity addition may

aid in damping these oscillations. An appropriate linear form is

similar:

Q1 C - - a- I .(5)
2VR 6 1 L at

A statement of this energy balance in differential form reflects

the second law of thermodynanics

.a+ p V -V- D -- (6))t t 6 t

where the terms on the left represent an adiabatic relation between

rates of change of internal energy (E) and the rate at which com-

pressional work is done. The right hand side includes the dissipative

viscosity term which provides the necessary entropy change in shocks.

The D-term symbolizes a depletion rate, or (for negative values)

an energy input rate.

-77'
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The final term (L/m), a luminosity gradient, represents the

flow of energy in the diffusion limit. The luminosity itself is de-

fined as the areal flux per unit angle, where the area is R(8"I ) and

the black body flux is (ck/3)(aaT4 /R). Thus, one may define the

luminosity as

L - R 2(6l)/k) (aT4 / m), (7)

in which the Rosseland mean free path (X) has been replaced by 3V/ack,

a is the radiation constant (see p. 9), .And Eq. (1) has been used.

The quantity k is related to the usual Rosseland mean opacity (KR)

by k - 3KR/ac, and c is the velocity of light.

In addition, it is necessary to describe the thermodynamic pro-

perties of the material, i.e., some constitutive relation between

specific internal energy, pressure, and density for hydrodynamics.

Radiation problems also require that an opacity (k) and temperature

(T) be defined and related to the other thermodynamic variables.

These equation of state functions can be expressed in various forms,

but the basic form employed in this program expresses energy, pressure,

and opacity as functions of temperature and specific volume (or

density), i.e., E(T,V), P(TV), k(TV).

DIFFERENCE EQUATIONS

Figure 1 denotes the particular choice of notation and concen-

tration of variables at mass points and time points. In the par-

ticular system represented in Fig. 1 the mass is identified with

the half points in the "j" variables, the time is centered at the

half points in the "n" variable, and the various quantities such as

the velocities, radii, specific volumes, pressures, and energies are

identified at the times and mass points indicated in the diagram.

With such an identification it is possible to translate the differen-

tial equations into difference equations which largely deal with

centered quantities. That is, each difference equation is balanced

about the same time point and the same mass point in order to minimize

the numerical errors in the approximation of differentials by finite

differences. A common procedure is to begin, as in Eqs. (8-13), to

*For some physical problems it is important to note that this form

does not account for retardation, and energy may transport faster than
the speed of light.

-. ~
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develop at time n + 1 a new velocity and then to find a new radius

for each j point. From the new radii one can define a new density

or specific volume, and from the change in density, an artificial

viscosity at the new time. In these equations subscripts (j or J +h)

and superscripts (n, n+h, or n+l) indicate definitions of each par-

ticular quantity at those discrete times and masses.

I I I I I

n+l ----RL --- VPE---RL---V -

(At r .---- u ---. ...------ u--Q9D------ u ----
I I I I

{l --- R9L:---VP9E -RL--.V,PE ---RSL:--

(Atn .) n-l ----- u----Q D ------ u----Q ,D ------ u ----

J-1. i-k J j+k J+l

FIG. 1--Lagrangian difference grid for numerical calculation

First:

ni-~ k'~ n -- n n-k -
U u -" 1nj " P - + Q QJ l (8)

in which
tmi. = l+4+ k £j. , (9)

and "

Atn  = t n+ + *At
n '  

(10)

Then
n . Rn + u At n+ ,

J j j

and (R nil~ 5 P.*15ni+ '1 .,, ) 1 )
i- i- n1i (12)

- Pj. -

i

.9'.tflan~

7 -

'--



-8-

The artificial viscosity becomes2 r1n 2
Cl ( t.P (V. - v .

mt-i nn4~2 n-i ni- i(8)
Qj- (V n- 1 (Atn* Rn~ + Rrl2 (61

2 kV7 - V 24 i

+v . (ntR n +  l n+l - (13)

for Vn+ l < Vn  , and

Q = 0 for Vn+l > Vn.
~j-

It is in the energy equation alone that radiation enters

(except radiation pressure which can contribute to the momentum

only at exhalted temperatures). For hydrodynamics only, the energy

equation can be written as

E 1* M E n + ( Pjn+1 + Pjn + Qj. (Vn - V . (14)

RADIATION DIFFUSION

When radiation diffusion is included, the luminosity as defined

in Eq. (7) becomes in difference form

(R )2 (6I)[(T _) 4
- (T Q4 1

Ln = I 4 4(15)

-~ (kLhn) n

Ii
V I -
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The opacity is averaged with the mass increments and reduced

by the factor ac/3 in which c is the speed of light and a is the

radiation density constant (7.62 X 16 15 erg/cm3 /deg 4).

(M.) n kn. kn TVn n n n n(16)

k 3 3 Vac = -KR ac 'a

The opacity is calculated for the material to the left of the point
n( n n

j for k (Tj,V J4 and for the material to the right of the point J
for kn(T, The temperature n is defined as ( + (T. 4

kTVj~ ). Tetmprtr Ti LiI

This procedure provides a reasonable opacity at interfaces between

materials of very different opacity, and does not add undue complexity

when the materials are the same.

EXPLICIT RADIATION DIFFUSION

For an explicit scheme of including radiation diffusion (one

which has an explicit stability limitation to the size of time

increment allowed), the energy equation becomes

l =En + At n n +-

Ei-k E (P~k +Q (i- -L)' Jk (7

in which D .l is a source or sink term yet to be specified.

Some iterative converging solution of Eq. (17) is necessary

in which values of (P~n+k = (Pl+ Pn)/ and el~ are sought which

satisfy both Eq. (17) and the equation of state E(P,V) or E(T,V),

P(T,V). In this explicit form, such iterative convergence is

limited to the two variables E .*1and P .k, all other quantities

being of fixed value for that step. When a new energym,4 pressure
n+l

have been derived, a new temperature (Tj-?_ also exists, and so,

ultimately, new opacities and luminosities can be computed for the

J. l
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next time cycle.

The set of equations (Eqs. 12-17) together with the equations

of state and opacities form a set of equations whose solution for

"new" values of each variable at all of the mass points can be

directly obtained by successively evaluating each equation beginning

with j - 0 and proceeding through the maximum J-point, or through

all the "active" zones.

IMPLICIT RADIATION DIFFUSION

The implicit diffusion treatment is a form in which the lumin-

osities are treated as centered at the midpoint in time (n+) rather

than taken at the previous time (n) as in the above explicit form

in Eq. (17). Thus the form of the energy equation becomes

Erl . + (n+l + 4n n+ (Vn . r+l
j.k = k (- + Jp +j Vj4 ?

(18)

n+l n n+ln+
+ 2 (nj. (L-1 + Lj- - - Ln0 D .

In this implicit form the variables to be simultaneously determined

n n+l n+l n+l
are now L I and Lj. 1 in addition to E and P J.. But these energy

equation variables are no longer independent of other mass points as

they were before, and it is now necessary to solve all of the energy

(and equation of state and opacity) equations fo- all of the mass

points simultaneously to arrive at new values. Although such a

simultaneous "relaxation" of these equations avoids the restriction

of an explicit stability limitation on the time step size permissible,

it does add considerable computational complication and redundant

numerical exercise to the problem, and so can increase the running

time per time step several fold - in part negating the freedom to

choose larger time intervals. The procedure consists of the evaluation

of a set of forward-backward substitution coefficients, related to

the proximity of variables to their proper values in a self consistent

set of solutions, i.e., related to a measure of the relaxation in a

•I
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"- i_

*i

given time step. In this process, the basic variables are taken

as temiperature (T) and luminosity (L).
Beginning with J = 1, the following quantities are computed: "

1 l

S+nl -+ (20)

nj.k * 2mj. Fn n+l ni l 2

aTj k aTj_

n ,n n

ET. n EnTV where typically e < 104
e OW (21)

nil nil n- nlli- M CI + At-n+  G , (22)

n+l

n+l. In+ n+l n .TI n+kjn+l

in which J = Gn+l = 0 (for spherical or cylindrical symmtry);
0 0

This particular forward-backward substitution scheme, coupled

with a Newton's method for projecting new values,was suggested by
R.E. LeLevier and has been used successfully in earlier similar
programs.

1
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+l _ ( I)2(5-) T Fn1 4 . (n)1 n+l (24)

n4-1b~kWn41
= 4( l 20(-1) n+1 3 n+1 (kfr)+(T?) L 1  Tn+1 (25)

bn+1 .4(R n1)2(5-1) (Tn+1l 3 -L l n (k1 (26)

J-ki- i n4-l

n+l n+l
G l n+l 1 i- (27)

(kp) 1 H j + -tn+ 4b

_
1 i kk +b kf

, n n+l +
nkt-n i .+ 1ti- bi . * (28)I )j j. + At. n4j.bn+

These coefficients are successively evaluated for each increasing

integer value of j (at each mass point) until the next j is at a

point beyond the sensible diffusion front where temperature changes

from ambient are negligible, This zone is designated as the turn-

around point (j*) where conditions are such that T n > Z but

n Z hn hrTJ*+ < ZI . When there is no temperature gradient, the luminosity

must be zero, so that L j+I 0 0, providing TJ+k < Z for all j > j*,

Z1 being small.

I!
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The procedure then is to compute changes in temperature and

luminosity (using the foregoing coefficients) beginning at J* and

working back to j = 0. 0.

The temperature at j* + on the (i + 1)st iteration is first

calculated as

i+ ln* inn11 l
-j,+k= tj,+ + 6Tj (29)

where

8 = Kj,+ /,Hn+ . (30)

Then beginning with j = j*, successive evaluations go as

ni-i n+l6L. G + +6T 1  (31)

i+l~ni-1 :iLn+l + 6L (32)
(-i n+l

6Tj. = (-Atn+  6Lj + Ki)/Hjn- , (33)

reducing j each time until j = 1. "Relaxation" or convergence is

determined by testing each 8T/T or 8L/L against an arbitrary small

constant and entering another iteration loop to recompute the

coefficients and another set of 6T and 6L as long as any one 6T

or 6L exceeds the chosen test constant.

ADDED MASS

Since interests in explosion problems encompass pheni.mena occuring

both very close to the explosive (in a small mass and volume) and

very far from the source (with very large masses and volumes of air

/ . %
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intervening), it is frequently convenient to bring in more air mass

during the calculation.

To expand the mass system without adding indefinitely to the

number of mass points carried requires some mechanism for dropping

or rather combining interior masses as new masses are added at a

front. When zones are combined, special care should be taken to

conserve energy, momentm and mass. In this program, one zone at a

time (as needed) is added, and two zones elsewhere (in the interior)

are combined in order to keep constant the number of zones carried

in the calculation. Because of the form of the artificial viscosity,

sudden discontinuities in mass element size can create spurious

signals as shocks cross them. For this reason, some care must be

exercised in deciding when and where zones may be combined. Generally,

zones are selected to be combined where motions and pressure or tem-

perature gradients are least, i.e., in such a way as to retain essential

problem detail while not unduly restricting the size of time steps

dictated by stability requirements.J ~ ~SES& SUN~K - AMD DEMEZ~

The single variable, D, appearing in the energy equations can

be used to represent such physical features as can be expressed as

energy losses or sources. Such source or sink energy rates may be

included in some or all zones in the problem and may vary with time.

The detonation of high explosive can be modeled by choosing this

source term to represent the rate at which energy is released in

detonations. With a finite spread to the detonation front, this

source term becomes the product of the energy generated per unit

mass of explosive (E ), the detonation velocity (UC), and the

time increment (Atn+w, divided by the total spread of the detonation

front appropriate to that dictated by the artificial viscosity, i.e.,

D n (34)
i S ARj.
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where S is the number of zones of detonation front spread. Such a

rate of energy increase would then be i- $ in each zone until

the total energy added equals the desired detonation energy, i.e.,

for a time equal to SAR/U C.

STABILITY ,UIRENTS

Such finite difference methods as employed here are frequently

subject to mathemstical limitations which place upper bounds on the

size of time increments that can be taken without the unstable growth

of spurious signals from truncation or round-off error. The usual

Courant Condition is simply a statement that time steps should be

smaller than the time for a sound signal to propagate beyond the

boundaries of adjacent zones (as in Fig. 2). Thus, At < AR/s for

every zone, or At < CAR.J-sj. in ,' in which s is the local sound

speed. It is generally time consuming to calculate the sound speed
at each zone when an approximate form which is quicker to compute

will suffice to determine the maximum allowable time step within a I)
reasonable accuracy. For an ideal gas, the sound speed squared is

given by

s YB/p = yv, (35)

and the stability condition can be expressed as

At2 < V(&n) 2 /C3P R , (36)

in which we have substituted AR = V Am/R and C3 is the maximum

value of y to be encountered and depends on the materials used and

their equations of state. For ideal gases, a value of 5/3 is a

maximum, and lesser values are larger than unity always, so that

using 5/3 for C3 could keep At smaller than necessary by no more

than 23%. For the dense gases of detonation products before

expansion, or for fluids such as water, or for solids at high

temperatures and densities the effective maximum y can exceed 5/3,

and the constant C3 should be chosen with that in mind. I



_____AR ~ -. 0e At (too big'.)

Fig.2-Courant stability condition
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In shock fronts or compression regions, the presence of a

quadratic artificial viscosity changes the nature of the linearized

differential equations from one which characterizes a wave equation

to one of a diffusion type. Consequently, in such shock regions

dnother difference equation stability condition exists, a diffusion

stability limit. An approximate derivation of the viscosity stability

conditio, comes from the momentum conservation equation (Eq. 2),

with the assumption that the artificial viscosity pressure (Q) domi-

nates the usual thermodynamic pressure (P). In that case,

u _R6" (37)t

In regions of compression, the quadratic form of the artificial vis-

cosity has been taken as

Cl ( ) 2 2
Q = (-,- B) v-t (38)

V "

But differentiating the conservation of mass equation (Eq. 1), and

substituting for 8V/at leads to

C,(m)2 6-1u 2

( (39)

V R2 1

With this form and from

v m J% (40)

the momentum equation in a shock (Eq. 37) becomes approximately II

-" - C1Li)V V ('fl (41)
- 3R LR 2(6-i) '

F

II

/ , -
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and ignoring geometric divergence terms which occur in cylindrical

or spherical synmetry (valid as long as shock front dimen:Aons are

small compared to radii or other problem dimensions) this equality

becomes

1a CI1 (Am) 22\

t- R2 (6-1) R

(42)

2C1 (m) 2V 2

R2 (6-) 3R 2

In shock regions, derivatives such as 6u/ t or 2 u/R2 are large;

i.e., rapid velocity changes and velocity gradient changes are

taking place relative to changes in other parameters, so that to

some approximation this equation appears as a diffusion form

2
Kt -- -2

where (43)

K - Co)2 V2 (for -au < 0),
R 2(6-1) 3R ' R

which is considered nearly constant or slowly varying in the region

of interest. Since we have not chosen to define the artificial

viscosity at the midpoint between the new and the old velocity,

but rather have defined it at the old velocity time (n-NJ, this

diffusion differential form (Eq. 43) translates into a corres-

ponding difference equation which uses velocities at adjacent mass

points and at the old time (n- ) to extrapolate to a new velocity

at time n-:

n+ un- K At n  un- n- n- lu. -u K- {n 2u. + u (44)

n+ 6R n -n 2 K u + .J-L - 4
J -jJ
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By considering the growth of perturbations in the new velocity

(see Von Neumann and Richtmyer, Ref. 1, p. 236), it becomes clear

that stability for such a forward-difference scheme has an explicit 4

stability condition which is

2 (A1 2 R2 ("I) IAt R 2i
2K 4Ci(Am)2V2 "

min

or (45)

(4C- At 1.

-max

But, again ignoring geometric divergence terms,

R8-1 R6-1 ,i ! i  i n+l-vn
.. . .. -v 6 )u 1 v V (46)

)R V m V LR& 6t R -V t v n+( [tn+i

so that

4CI (Vn+l - n_

1l - 1 2 : . (47)

vj_ -max

When the explicit form is used to compute radiation diffusion,

a similar forward-difference stability condition applies, viz,

At < T-  A min (48)#C) 3-2-1-

min 8T .Rmi
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Since for various regions and various reasons the implicit

radiation diffusion routines are unable to converge on a realistic

solution and are for practical purposes unstable beyond some reason-

ably small time steps, it is often necessary to arbitrarily limit

the size of time steps to a value larger than but proportional to

that allowed for explicit radiation. To make such a choice convenient,

the program includes an explicit stability condition with a constant

(C5) which can be chosen as suitable for implicit radiation (e.g.,

equal to 2,3, or 4), but must be taken as unity for the explicit routines.

These three stability conditions are:

Courant:

At£ )2(R j)2(861)Pn C3nn , 2" < I .(49)

.i-k (ApM 
-- max

Shock (artificial viscosity):

n n

n (Vn(- j - A < (50)SV n  A t n . ,
J- -max

in which C4  4CI .

Radiation diffusion;rn  SR n 2(B-1) nzi 3
n3

r n A-)At+ . (51)
C5  j (k6m) T j max

C5  1 for explicit radiation.

C5  1 1 for implicit (open choice).

,
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I.II~. W DYN C AQL

A simple test problem will facilitate the explanation of the

essential features of this program. In any such code there are

many arbitrary designations and notations which are easier demon-

strated than explained. Hopefully, none of the empirical choices

have significant influence on the results of any calculations in so

far as the physical representation is concerned. Some of the para-

meters, such as choice of the number of zones or mass points, choice

of zone sizes, or choices of convergence test criteria do affect the

results when a choice becomes extreme or so coarse as to reduce

accuracy. A few example calculations may help demonstrate both

appropriate values for such constants as are required and the need

or function of each input required.

As a simplest beginning, a plane shock wave generated by a

constant pressure at one boundary will be demonstrated. Such a

problem has a simple analytical solution, and the deviations from

the correct solution that occur when we make various choices of A
parameters are easily identified. When the constant pressure is

applied at the left-hand boundary of a volume of ideal gas, a shock

of constant strength should move at constant speed to the right. "

The usual Hugoniot or shock conservation conditions relate the con-

ditions behind a plane shock to those in front of it as follows:

u PO
-= I "- or PoU ) (U - U (mass) ... (52)
u P +

E - E + 0 11 (energy) ... t53)s o 2 PO Ps

P " P = Po u U , (momentum)... (54)S o S

V

I -
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in which subscripts "s" refer to shock quantities, subscripts "o"

refer to ambient (pre-shock) values, U is the shock velocity, u the

particle velocity, p the density, P the pressure, and E the internal

energy. It has further been assumed that the pre-shock gas velocity

is zero.

If one defines an "effective gama" by the relation

E = P/p(,y-l), i.e., v s 1 + P/Ep, and eliminates internal energies

from these Hugoniot expressions, then in place of the energy equation,

one can write

_ k) ( -4+ 1
PO

Eliminating the shock vel-city (U) from Eqs. (52)and(54), leads

to an expression for the square of the peak particle velocity (uS)

4in terms of density and pressure,

2 (PS- Po
u 0 - . , ... (56)s PO 0 )

and using Eq. (55) to eliminate density leads to

P

S 2(P 
us PO Ps /+ (57)

0 Y5 -

For an ideal gas (ys = Yo), this expression reduces to

2 2(Ps Po

u (58)s [(Y+l)P +(Y-l)Po °0

- - -- -
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Similarly, the square of the shock velocity becomes

=(y~l)p +(Y-l)P
U 2  s 0 (59)

2p0

With a value of y equal to 7/5 (corresponding to an ideal diatomic

molecule gas and appropriate for air at normal temperatures) these

expressions reduce to the following:

U = (60)

0

(Pu 0) (61)(6P+P ()61

and the density ratio becomes .

P 6P +P

P o P + 6 P o

The specific example used to illustrate the mechanics of running

a hydrodynamics shock problem employs a suddenly applied, steady pres-

sure at the left-hand boundary, and that pressure was chosen as one

kilobar, or 109 dynes/cm . The ambient pressure into which the dis-

turbance propagates is taken as that corresponding to an ambient

density of 0.0011 gn/cm3 and a temperature of 293 K in an ideal

diatomic gas (y = 1.4, R - 2.8777 x 10 dyne-cm/gm/K) the caloric

equation of state becomes

P = (-y-l)pE = 0.4pE , ... (63)

and the thermal equation of state becomes

T pR E = 1.39 x ... (64)

with T in OK and E in ergs/gm, P in dyne/cm2 and p in gm/cm3.

/ -
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The value of the ambient pressure is approximately 0.927482 bars.

The pre-shock energy is about 2.10791 x 109 ergs/gm. Thus, from the

above relations (Eqs. 60-64) and the above pre-shock values and

for a driving pressure of 109 dynes/cm 2 , the pre- and post-shock

values can be computed and used to check the performance of the

numerical program. These values are listed in Table I below.

Table I

SHOCK PARAMETERS FOR EXAMPLE CALCULATION

Hydrodynamic
Symbol Parameter Pre-Shock Post-Shock

P Pressure(dyne/cm2) 0.927482xl0 6  109

p Density(n/cm 3) I.IxlO -3  6.56173xlO 3

u Particle velocity 0 869,452
(cm/sec)

U Shock velocity - ,044,552
(cm/sec)

E Energy(erg/gn) 2.10791x109 3. 80999x10 11

T Temperature( K) 293.00 52,959

In this demonstration problem we have arbitrarily chosen thirty

zones of one centimeter thickness into which the disturbance (shock)

may propagate. The initial conditions in these zones, as well as in

any zones to be added later, are the pre-shock conditions listed

above.

I f
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The initial time step may be taken as anything less than that 4-
which the stability conditions stipulate, but too small an initial

step may require many cycles to build up to a significant increment

since the program limits increases in At to(9/8)At n
. In cases

of a suddenly applied load or an initially rapidly moving boundary,

the stability conditions may not provide a correct limit on the

first cycle. In any case, such failure is avoidable by insuring

that the initial step is chosen as less than the time for a boundary

to move across the next zone, and/or less than the time for a sound

signal to cross that zone.

The acceleration of the left hand boundary on the first cycle

is approximately

P -P

At , (65)

0

in which m. - (Am. + Am. )/2 and ml =0 . The pressure, P
is the boundary pressure of 10 dyne/cm2 , P! is the ambient pressure

6 2 
-3(1 0 dyne/cm ), and a A = lARj+ = 1.lxlO Sm/cm . Thus

the velocity of the left boundary after the first time step is

u = At 0 At° 1.818xl12 (cm/sec) (66)0 0
0

The time increment At0 may be interpreted as an average between

the At and At . If we presume At = 0, then At = At /2, i.e.,

half the initial time step. Thus

u 1- 0.9091x10 At (cm/sec) , (67)

and the change in position of the boundary becomes

6R u At2  0.9091x10 12 (At) 2 (cm) . (68)
0

• U
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If we ask that the initial change in the left-hand boundary be

small compared to the zone size, say less than 107. of the first zone

thickness, then

At < O.9091x10i 3 Z 0.33166xlO . •  (69)

We are, then, led to an initial choice of time step of less than

0.33xi0 "6 sec. In this first example we have (arbitrarily) chosen

to start with At = 2xlO" 7 sec, or, in the program units of milli-

seconds, At = 2xlO "4 msec and At = Lt /2 = 10- 4 msec.

INTERPRETATION OF EMME PR0E24 NO, 1 OUTPUT

HAROLD TEST 1. The problem is so labeled for Hydrodynamic

And Radiation, One Lagrangian Dimension, and is preferred by

some of us, as within the six letter limitation on notation. The

senior author would prefer the short title RODHARD, standing for RAND

One Dimensional .ydrodynamic And Radiation Diffusion, which is some-

what more descriptive.

IDEAL GAS. A further identification of the nature of the

problem.

EOUATIONS OF STATE FOR THE GENERPOR. These equations of state

are listed as a matter of record, since questions may otherwise arise

at later times as to just what fits or tables were used. In this

case, the Generator was provided with the two relations

P = (y-l)Ep as FP1O01 = .4*E/V, (70)

and T = (y-l)E/R as FE1O01 = .139*E. (71)

The Executor was given the single equation

P = .4*E/V, (72)

Expressions in CAPITAL LETTERS or underscored are those appearing
on the output sheets reproduced at the end of this section and to be
explained or discussed here.
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with the additional provision for temperature calculation at output

times as specified in the Generator. For hydrodynamics, the tempera-

ture is not a sufficient nor a necessary quantity.

HISTORIES. To restart or continue the problem without beginning

over again, tape histories can be provided periodically, storing data

analogous to that necessary at the beginning and provided by the

Generate subroutines. The selection of when such a tape record shall

be written can be either by cycle intervals or by problem time inter-

vals. Six successive rates may be specified. In this example, his-

tories are called for every .025 milliseconds until 1 millisecond.

PRINTOUTS. The frequency at which specified listings of variables

at all active mass zones will be listed can be similarly specified. In

this case, we have elected to print out such data on the ft st three

cycles to aid code checking. Subsequent listings of data are called for

at cycle 10, at forty cycle intervals until cycle 263, at cycles 263

and 264 (to illustrate the variables just before and just after the

combining of a pair of masses to accomodate an added zone), and at

fifty cycle intervals thereafter until cycle 614.

ENERGY CHECKS. In many problems it is helpful to keep track of

both the distribution of a net explosion energy and the total net en-

ergy, and this is provided in a print of the internal, kinetic and

total energy in each region, as well as the sum of internal, kinetic

and total energies over all the regions. In this example, since work

is being done continuously by the pressure on the boundary, such an

energy summation serves little purpose and little check on the accuracy

of the calculation. Consequently, we have hoped to avoid any energy

checks by selecting an interval latger than the expected length of the

run (i.e., every 1000 cycles).

PMIN BNDRY COND. Whenever a special boundary condition is selec-

ted, it will be listed here. In this example, a constant pressure of
* 3

0.1 jerks/meter (I kilobar) is applied at the lower (or left-hand)

boundary - at j= - - for a very long time (for 10 I milliseconds).

RMIN 1. This indication of the initial value of the position

of the left-hand boundary is important in that it indicates a non-

zero value of the position. Whenever the RMIN is started at exactly

*A jerk 10 ergs.
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zero value, the program avoids calculation of the velocity and the

radius at that boundary, and consequently, the boundary remains at

?ero value throughout the problem. Such is the intention for spheri-

cal and cylindrical geometries, and could be the case where a rigid

bouadary is desired at the left of a plane geometry problem. In this

case, both the velocity and tile position at j=O will be computed each

cycle, and can be expected to change.

PLANE GEOMETRY. This is a reminder of the selected geometrical

factor - that the problem is set up in plane rather than cylindrical

or spherical symmetry.

REGION 1. MATERIAL 001. Each region beginning at the left-

hand boundary is designated with an increasing integer (region I

being the first, region 2, next, etc.) and by a material number

designation. The material number should correspond to one of those

listed with the equations of state, and thereby identifies the

material properties that will be ascribed to that region. Also

listed for each region are the various selectable constants, C1

through C5. The definition of C1 anu C, is given in Eq. 13 or as

the amplitudes selected for the quadrwi.. and the linear terms of

the artificial viscosity, respectively. Since the shock in this

example will be a fairly strong one, no linear viscosity is necessary,

and C2 is set equal to zero. Cl is chosen equal to 6. The number

of zones to be expected in the shock front, as derived in a similar

manner by von Neumann and Richtmyer becomes

Number of zones = n 2C/(y+I) (73)

Since this example problem uses an ideal gas with y = 1.4, a value

of 6 for C1 should build a shock spread of about 7 zones. If we

were in water and so using a y more nearly equal to 7, then a value

of C1 = 14 or 15 would be necessary to make a spread of six zones.

The Courant stability condition also includes an adjustable

constant. As used in Eq. (36), C3 represents a maximum value of y,

so in this case it can be taken as 1.4. It was in fact, taken as

slightly larger, as 1.6, but that is not necessary.

• K;.
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The artificial viscosity stability condition involves a constant C4

which should be at least as large ,,- four times C1 (see Eqs. 47 and

50). Demonstrating a certain insensitivity in this condition, we

have used without unstable results a value of only 16, while 4CI= 24.

The radiation stability constant, C5 (as defined in Section 11)

must be set to unity for explicit radiation diffusion. Larger Nalues

of C5 are theoretically permissile for the implicit radiation formu-

lation. For hydrodynamics, it is immaterial, and in this example,

is set to zero.

The ambient energy for each region is also specified so that

in totaling the energy of that region and/or of the whole system,

the net energy introduced by a source (an explosive yield, or an

influx of radiation energy) can be identified and maintained even

as new zones (at ambient conditions) are added to the region. Since

a continuous influx of energy is involved in this example problem,

no attempt to account for the net energy will be made, and E = 0

will suffice. If one were to choose to include (or rather exclude)

this ambient energy in the energy check sums, the appropriate value

would be 0.2108, the sae energy listed as initial value for the

internal energy of the last zon-.

The table of initial values which follows the list of constants

specifies in the units of the code (the meter, millisecond, megagram

system) for each zone the radius "R" (meters), particle velocity "U"

(meters/millisecond), temperature "TE4" (10 K), specific volume

"VL" (m3/megagram or cm3/gm), pressure "PR" (jerks/m
3 = 100 dynes/cm2),

and internal energy "EG" (jerks/megagram = 10 ergs/gm). A vestige

of code checking interests are the next two columns labeled "UP" and

"KM". These are, respectively, the opacities at zone boundaries,

using the density and the material designation (and so the opacity

prescription) of the zone just ahead of the zone boundary KP

K.(T.,v. ) and just behind the boundary M - K.(T.,V. 4. Since(Tj ,Vj+ )3jj. ic

this example does not include radiation, opacities are of no interest

and have been left zero, as have luminosities in the last column

labelled "EL".
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The mass increments or elements are listed as "iASS" in the

next to the last column of the initial values table. The first

column shows a spacing between zones of one centimeter (0.01 m) and

the specific volume of 909.1 cm 3/gM corresponds to a density of

l.lxlO" 3 Wn/cm 3 so that the mass elements, which in plane geometr3 are

just the product of the zone dimension times the density, become

i.IxlO- 5 .

Listed below the table of initial values are such factors as

the initial time increments and others which have some arbitrariness

of choice and so should be selected at the outset. The time incre-

ments during the problem running can be controlled automatically by

the stability conditions, hut the initial values must be chosen

specifically. In this case, DT stands for the average of the current

and just previous time increment (At n ) and is taken as half the

current choice as if the previous value were zero. As discussed

earlier, the value of the initial time step (DTP) has been chosen

as Atn +  = 2xlO- 4 msec.

If the problem involves the ingestion of mass or of new

zones as it progresses, then some information must be supplied as

to where zones are to be doubled and what size zones are to be added.

Under MASS ADD INFO, JO = 5 indicates that we have chosen to combine

the fifth and sixth zones when new zones are needed (and then sequen-

tially the next two zones, etc.). By JOS = 0 and JOM = 23 we have

specified that when JO has advanced to j = 23 it is to be set back

to j = 0. The size of the added zones is given by DR. When DR is

positive, it indicates directly the thickness of the added zone,

such that in plane geometry Am=pAR, where p is the density of the

last zone (at j=JMAX). When DR is given as a negative number, it

indicates a fractional increment, as a fraction of the previous

radius or the last position value (R jmax), so that for this example,

the first added zone will have a thickness AR = DR'R30 = 0.0076923xi.3

= 0.01 m.

The set of X's listed under PERCENTS are not percentages but

are fractional numbers used in tests of the smallness of the change

in coaputed quantities relative to the initial or final value of
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that quantity. Xl, X2, and X3 are associated with convergence rou-

tines in the radiation diffusion by implicit method, and are set to

zero in this strictly hydrodynamic example. X4 0.4x10 "5 indicates

that a variable being determined in GETVAR has been found to be con-

sistent with the determining values through the equation of state to

a fractional accuracy of at least 4 parts in a million.

In problems where zones are added and combined automatically

many times, there is the possibility of choosing JO, JOS, and JOM

such that some region of the problem becomes too coarsely zoned.

A check or control on the maximum size to which any one zone can

grow is provided in the use of X5 since, before two zones are

combined, their combined width is compared with X5 times the lar-

gest dimension or radius in the problem. In this case, the selec-

tion of X5 = 0.125 guarantees that no zone can become larger than

one eighth of the largest radius. The last fraction, X6, is the

convergence test for energy compatibility (in the energy conserva-

tion equation of the ROA routine) with pressure. Thus on successive

evaluations, the internal energy shows a change of less than one 4

part in ten thousand (for the value of X6 = O.lxlO 3).

In this example, as often is the case, most of the zones in

the problem are inactive initially, and need not be computed until

some signal propagates into them. Since it is wasteful to compute

through them, a floating boundary condition is set up which determines

which will be the last zone to be calculated on each cycle. That

last zone is denoted as "JHAT", which in this problem is started

at 3. To advance JHAT when needed, a test is made on the temperature

(if subroutine JHTT is used) or the particle velocity (if subroutine

JHTU is used) at that last zone Ci = JUAT) against a constant Z2.

Whenever the temperature (or velocity) equals or exceeds Z2, JHAT is

increased by unity, and one more zone is computed. In this example,

we have chosen to test on velocity (using subroutine JHTU), and Z2

has been taken to be 10- 4 .

The desired number of active zones is limited by the constant

L, such that whenever JHAT reaches JL, either another zone must be

added while two other zones are combined (thus keeping JL constant),

or a special boundary condition is applied, such as a free or fixed

boundary.
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The constant ZI is similar to Z2 in that it determines the

threshold temperature for adding another zone to the radiation

diffusion part of a calculation. Since this example has no radia-

tion flow, Z1 has been set to zero, but could have any value. Sim-

ilarly, JSTAR, which denotes the last zone for radiation diffusion,

has been chosen zero, but is of no consequence to this calculation.

The last cycle to be computed is denoted as NF, and is here

chosen as 614.

A list of the subroutines used in the Executor follows the

Generate input and starting data print-out.

The print-out for the actual execution of the problem begins

with a title (TEST 1. HYDRO ONLY. IDEAL GAS), and then follows a

list of the initial values of the selected variables displayed in

the format chosen for those zones of index J : JHAT + 3. The units

chosen for this test problem are the internal calculation units.

The particular parameters chosen for output, and the order of output

from left to right is zone number (j), radius, particle velocity,

density, temperature, internal energy, pressure. artificial viscosity,

and mass per zone. The artificial viscosity is a convenient indi-

cator of compressions or shocks. The masses are constants of the

motion in this Lagrangian system, but with the later periodic com-

bining and adding of zones, its listing simplifies monitoring of

zoning and makes any disparities in adjacent mass increments more

readily identifiable.

Following the initial value listing is a line of information

for the first cycle, a type of output which is presented for every

cycle. Listed from left to right in the internal units of the pro-

gram are the cycle number (n), the time at the end of the n-th cycle

(milliseconds), the time increment for that cycle (Atn ' ) , LAMBDA

(the maximum value of the artificial viscosity stability function),

JLAM (the zone number of the largest value of LAMBDA), OMEGA (the

normalized Courant stability conditions), JOMEGA (the zone number of

the largest OMEGA value), GAMMA (the radiation diffusion stability

control maximum value - not used in this pure hydrodynamics problem),

V..,..'.--. -- - -

\i
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JGAM (the zone number of the most critical value of the radiation

stability condition), JO (the next zone at which combining will take

place), JSTAR (the largest zone through which radiation diffusion will

be calculated, i.e., the outer boundary of the radiation diffusion

- zero in this problem, since there is no radiation), JHAT (the last

zone for which hydrodynamics will be calculated, i.e., the outer

boundary), and IC (an iteration counter used in the implicit radia-

tion routine - zero i.. this problem).

Outputs are listed for the first three cycles as an aid in code

checking and to demonstrate the cycle-by-cycle progress of the finite

difference method. Note that after the first cycle the kilobar bounda-

ry pressure (listed at j=O) causes some movement in the first (j=1)

zone. This shows up as a non-zero velocity at the j=O boundary and

as an increase in density in the first zone. Corresponding increases

in temperature, internal energy and pressure in that zone are also

indicated, and because it is a compression, some artificial viscosity

shows up.

On the second and third cycles, further growth of the movement

is evident as the density continues to increase in the first zone and

some compression reaches into the second zone. The very small and

negative velocities that appear on the second and third cycles are a

consequence of (and a measure of) the truncation error. Rounding the

last figure of the pressures in adjacent zones slightly differently

causes velocities of this small magnitude.

Note that the stability conditions have allowed the time incre-

ment to increase by 9/8ths on the second cycle, but have reduced 6t

by 8/9ths six times to a value of .98654xi0-4 on the third cycle to

conform to the stability restriction from the growing artificial vis-

cosity - indicating a growing shock in the first zone. The value of

LAMBDA is near unity, while that of OMEGA is still quite small, indi-

cating that the dominant stability is the viscosity or shock criterion

(LAMBDA) rather than the Courant or sound speed condition (OMEGA).

By cycle 10, conditions in the first zone are well on their way

toward representing a shock corresponding to the sudden onset of

pressure we have exerted on the boundary. Between cycle 3 and 10 JHAT

~ ~ --



-34-

has increased from 4 to 6 as more zones are set in motion. The density

in the first zone is now nearly twice its original value.

By cycle 50, the shock is formed and is moving away from the

boundary. Pressures, densities, temperatures, internal energies and

velocities are all settling down to nearly constant values behind the

front. At succeeding times (e.g., cycles 90, 130, 170, 210, and 250)

all these quantities are within a percent or two of a constant value

except for density, temperature, and internal energy in the first

zone. The first zone or two are in this example somewhat anomalous,

since they experienced a sudden onset of pressure - not a shock. The

"definition" of a shock in such numerical schemes using artificially

smeared fronts is one in which several zones of spread are necessary

for normal propagation. When a boundary or initial condition prescribes

a more rapid change or steeper gradients than are normally propagatable,

the excessive heating of multiple or superimposed shocks is a natural

consequence. Once a proper shock is developed, the appropriate Hugoniot

values are generated.

The slight oscillations behind the shock cause small compressions

and small artificial viscosity values. A linmar viscosity term might

be used to further damp such oscillations if desired. The last cycle

run, cycle 614, has pressures as shown in Fig. 3 in comparison with

the analytical exact solution (presuming a shock to have existed from

the outset). The slight lag in the peak or shock front for the cal-

culated pressure profile might have been eliminated by a set of

initial conditions which more nearly represent the traveling shock

including initial particle velocities as well as pressures in the

first few zones and at the boundary itself.

The special display of cycles 263 and 264 allow a comparison of

data just before and just after combining zones 5 and 6 into a single

zone at 5. Note that on cycle 264 the mass at j=5 (listed on line

j=6) is the sum of the masses at lines 6 and 7 of cycle 263. The

velocities, densities, energies, etc., are recomputed so as to conserve

momentum and both kinetic and internal energy between the two zones

and the new single zone. Mass conservation is automatic in the simple

addition of masses. After combining, all the outer zones are shuffled

RV
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down to a zone number one less, and a new mass zone is added at the

largest (right-most) zone boundary.

This simple test case problem takes about one minute for execu-

tion on the RAND machine combination 7040/7044 IBM.

V

a*

I:

I

Y.1,. - - - ---------- ~--
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Fig. 3- Calculated pressure profile compared with exact value
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HAROLD TEST 1.

ICEAL GAS

EOUATIONS OF STATE FOR THE GENERATOR.

FUNCTION FPICOI(E*VI

FP101z .4*E/V
RETURN
END

FUNCTION FEICOI(E,Vl
FEIOOI= .139*E
RETURN

END

EQUATION OF STATE FOR THE EXECUTOR.

SUBROUTINE PET(MATT.VPEJC)
P = .4*E/V
RETURN
END

DENSITY BOUNDARY CONDITION

SUBROUTINE RBOUND (TDUMRHO)
*COMMON /IKA2/

COMMON /VLC/ VL(1)
RHO=1./VL(JMAX)
RETURN

END

See page 255 for /IKA2/ definition.

( .



-38-

bN0000000 00000

0000000000000

wwufwuiw000000000000

~'0000000 00000

L" "--- - - --4 . - -
0 LU Q CP atp a, a, Q. - -o -a

0 0 00000 00 00 000

00
2w

C000000000000

fn0 f 4-t 00 00 i A IW II W0 0 0 00 00 I

4%,G 00000000,0000
cy NN NNN 0 0 N

Nz z 00 0 00 0 0

0i geigAaigi

00 nw wUJ WWWWW
I4 a

Ai US US "i US j U S jW41u

-Ovo . 00O000000000
D00

Co 0o O00OU000E00

> >S -* )b 30 >. a > 3, 2'>>.0 z. o1.13. -- x Z j
0w w w ULWW W -4w w CL0ex0(00at0Q



-39-

..... Z Z44 t 4Z Z Z.444

00 00000 00C 00 000 00 C

"1 410 9% W 0% Wk W% wt W% W% W b V% IN W #A

C00000000000j 00

4-p o .&go .o ,0 0 . 0 N a

0

oooooooo.o 0000

00

x. 47 10 Poo
VU % * % Vi *9 % % % * 11 *.

000000000000000000 ~
0

000 00 000000000

usu 1
000000 0 00000000 0 %

to00000000000000000 Z

00000000,0000000000 -4 I;
0.0 0000 00 00 00 000A

a x- -1 I--- -- X ---



-40-

%A wi Q)U ' w LA I8.VW I U,% &U
%A;. ns , age% %v a n celn# ai e)c

cocoa00 6.- 4 ewa000 a 6 49 c 0 a f-

o~~2 -. : 4. -- 2 '4P-- - - 0

19 4 £
4 4 low$--0 9-0

4A 00
- 0a 0 - or

O4 4% W, ; .4n
o~ ~~ ~ P-oo ID 0 o oo i 0 e6 o

at 4
140 0~ 0 a 0

wU 0 00 00 4C W, 00000 U, w 00 000 a
I I III r fI z C. I~. I I; I I I K
wAUw.U, K j uW WuiWJ Kj uj WWWW z Ku ju i 3W% vIIW V l .4 A O N tIn V N % 9 A 4 0d O iWN% V%

F- 0 n 0 0 C 0 mP.P' c3l Pn .9 13
fy NNNN WO .C NN MO f~~n e

a' ~ . ,q or . . . .***4
CL.0 OO Ol O' C a-. NO OO'P C 0 0 P 0

0000 0 00000 0

z wiujw uuj 2 WWWW Zj wwu u U U L ww
w ~ ~ ~ cc CCCc00u ODCCOWw 00-OD(COMi b- 0 i0 00 6- MOO000 6- M-01 0CC

0 Z -- - -- fn 2 0 - - - - m, 0 - - N
i -1 * 4 4 * *1* 0 3 0 -8 . ** ** 401

W CN N N 3 0 ' N N 1 0 t-NN N 3

o 40
NY N 6yN C e yC

00000 00000 (;.O0o
0 L U iu U u C usgs; g u u, xU a ui . L.

x0 9 ORU00 'A "' -0 0 40 -) 9-N *0 0O 0

NA 0 NNNN0 - 0 aN N 0 ON N

Z044 0 -14444

4A 4;0 Q04
0 0 t%

N COu c UC ...j 0 0 0% M f" M m x 10 ONm m M t" vrr~~ ry, SO nta Ivo 1 00oo00 4w, 00000 4N > 00000 "wj u I- I I- Iu -P. I- I1I1I 1 .jr ff - 1 1 5 1 C
0 *o w- W w U LjW i '0 - j WujW L"u y - wujww e U cCA XI. _n j LA 0 0 0 ** A" -11 -. )0 0 0 *; A 'In UN00 0'0 0 0 7- 00000 0 o o0 0 e3 2 00.) 0 0 0* - * Li .-.--- - - - LU 4 - I. N 4r .

.4000 --- 0 -- - -- 0 -4 - - - -
0 40

- ~0 0 0
0 0 1,F

0 L 6-0 90 10
- 00 1 00 C, 0) Q - - Ct

I Q4 0 0 )U 0-,a U N .40 u-0 I l 5- ;
* 0 ON 0 -w U)-. UJ U.c

0~ .Li 0 0 * -* . ;.

o >C 0000 > 0 00>4 i.0

0 0
, I I ~ NI

TJ euu ujg

yN - 0 00 .0 - - 0 a n 1. - ) 0 .M 000 0 O
0 C) .4 Jj 4 9-d j - 0 j 14 0 -0.gC

0 0 -0 C, 1, 0 0 u,

0 4-10 -20f 0 W4 -N'-?f
1

0 no .Nii c



-41-

.11, U . J. wi w LA .

el ---- 5 . ----

0 C- - Coco , -- ----

44 .

0000000c 00000O04C00

A 0 0 V %0 -90 0 C, NIA -

00000 0 00000w00 0
0 f i l l $ -10 -* 1

z . i w .uw . . z W. ." 4. W.*
0 cro e ID o000 w K 0 C OD cc00C 11

64 cm40 0 4:
0000-9000000 tiOOO000'000000C

- P- 0 U 6 h - 40Nwo

wO000000 4 O000000004
1 11W 1 1 1 11W1 1 . 1WW L

LaO w ,'0'I (' x CLa 0wwwww w x

0000000 0o0o0o00000000ooooo

C 4

w. w 0 " 00 ? 0 0
-. -- a4 .4 n4 4 14 14 14 14 1- 14 -4 0 0 I It ~ - I- m 04 a 444 - - 4 -.- -

00 n000 0 0000IN4 v00000

z. ON0000 000 000 z-NA 0OO 0

' ~ ~ OuQ' *** 0000 -. .... 40000000000000000000

00 4~NN f.0ii 0 tc0 000 0 InC1N N Ugig glg g In r

>N NN 0 00T,0Ma,0 6%0 ).0000 Z%6NNNNNN U 0 0000 000 ) 0 aa-0
00000 I00004 4 I-00000i40 10004 C lz 1 1040 -

rA InNN o 0 0 'NNN

00 0030oo o oo oo ooo>o

40c;00000 40000000,J00000000000

uj I .4.1 W W LJ Wj w w 41 ALA 14.W W L" W Wl tu W~ tui w u. u. ." u.
n ~0Inn1 3' "' a "1"1n 11 z P0 IV,0..4, !* 00 00 0 *T~a 0,* F nn0 -1Z - UN -

La (.) n 00 * ** - .L N a, UN 0 NNCNOOOOj
OU%, rI .4. 0. IN1 1 I 0 14P

0 o .*0 ov~ -4 0N No .0 t4 .3 f4-4- 0

0000000 000000 -- 0000000000N~r4N

cc Z 4 Ir 00.000 I- I- N Mi,%4r .0-NI ,' '
-w ww -4-- -w -w -- I NIwIww I NI

. * 1 U 4 t



-42-

U ~ ~ ~ ~ ~ ~ oooooc -0000000000000'O 0b00'0 O0Ocioe

vi a on o epfn n

4~~~ ~ 00 0 00O O i- .... *. 0 0 0

CA. .9

000-,00000nc 0.cCoO00000

-~ ~~ ~ p-ULLUUUI 0-

U, a. 00000000000

#0 ' .- 4 M ?I- W% UN0 W% -
wo4

4 00 0000 0000 0000 00C ~00o00of
1/'; 1;

40 1 4 11 1

C0000000000000000000 00000000

w w W W w wW Ww wW w w ujW W W lu4
dlC.

LU-mW 0r. ,401

C- 0 NI .-
4r 4 't 4--- - t - - z r w N -----Qw -n~r -#000- n000--

OU000000000000000~00000 -. **.*** .* **4000000000

8(;C; 84 4 C; 40004000
0

M0
0

0
0  

0e

K -NP'-QOO.c)0Qu000 4

0 000000-m4000000000N
OUOOOUOOQOUOL4O'aJc aa, 91000 a0 0 >0 0 U0000T0 - a mTa

C~~~~ ~W W W W W P-L.LLUWL,.WUUULWW N UL ULUWL iL

CA .OC mNUp ir 'n -N 0 Ww......

171 Z in04'- N'-00000 On 0000c 0

I >

j~ ~ ~ N * NINN I NN N

a,~O M0 oO Iou oo :2 0U 0n -0

lu C.- 0 US 0-COO

* S . .. . . . . . . . . . .O IC~in.-o,(r .. . *.



-43-

V%% 0' 0f M% W% * W U % w' 41
G GC, C C,0 C, 0 n G0C0 Ci0 C.0C, C 0 0 0 C, 0 0 ,0 0 00 00fl 0C

w w IL w wwu .L wdD w wA U) &AU

K ---- - --- -- -- -

.a

o ~ ~~0 cc000C

~ 00' 00000000000000000000000C0

WO0000000000000000

"w WWWIWWWU wWM l.U MW0

4 4e 4 rMUi00Mo0 t4' ,,, O M00
K wo ~O000000000000000N

00000000 00000 00000000 000000

U. 0 a wp- -- -- -- -- - -------- ---f---p p- P-.Qf- p- P %N0P-.-.-.
0000000000000000000000000000000 -. .4,0 * 4,0,0 4,* * 4,.,0,* 0

II o 0 llll;8lllC8 0 0 V l 0l~~ l l 0 N N NN-eq ryNN

0000 0000 000 0000 000 0000 000000000000000NNNN0

00000000000000000000OO00000O0

W ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ C WUW AUAWU U W U L WWAIJLUWWWWWWU L U U U JW jWjU

000000000000000000oo0000000000000 z 04o -m9

wwwwuuuuwwwwwwwwwwwwwwwwww

K~~ 0~00009009000

F* *. P* F* * *................ ?F. t..-.P I.P PP P .. .......-... *j * * an *,lN wIEtwO.....QNO

'4~~~~e--- 4. 44 4'444 4 44444

0000000000000000000000000000000

I. nII on1 1113 1111111111e3101 1t)1m1e

NN QNN 1 N 'NMu N ' NN0LAN 0N-aNVNaCoM jNFN cNLANNN.4N 0 000 0000000 joo

f" r4 a. r- p. C M N- C aD P-0 e -e N P- a- CC P. a- Ln r" eV a- Co r- 4j 0- p. 0. . w AU w " w w ujw Uj w LL w U w U w i

to0 0 400Q040Ca 00Q00 a40cw m-0f, NN CPNNO4.O-..OP

N 0 - 'r Nj N N N N N N N N N N N N N N 0 N N N N

CC 0 '00000000000---

to 010P .



w- 0000 00 0%w0 %W %W 1%L 9 NbV %wW P0 0 k 00 0 00 00 00 V% 000 00N 0 U

z- P. - P- P - - - - --- 4 04---%w0 .p P -F - - -(P&0, mw - I- 1- -

C

v~ 0 44 0 0 0 b% 0 0m m 0 0 0 0N Q 0 P- 0 0 0. 0 0 0 -1 0 0 % 0 0 00 0 0 0- 0 0 00 0. 0

. * . O o .. . . . t o . . S . .* * * * * . * .* . . . 0 0 .C * * *

000000000000000000000000000000000000

4 - - - & m 0- - M- -- - -- - -- -- IN -- 0 -400 - P,

400000000000000000000000000000000011000000

-t It t *r It I I I I4 It r It I I O I r II It r It It ' I t It r It r It It I O ItI

.. 30 ab1 -0 0000404 0CO W. c 4 0 z z 0 41) ,o.O
* V N .. P. - * * r* P* m P' P. . .- .- . . N w P* - P. P- * * r* * w P. ?-

N Nj 4NN jNNl --- -- - -- - -- -- --- - - - -

0000O"-000 0i.,0 000000000000 0C i0000000 ,) 1)0 C o 70

-LU LUj LU LU LU L _U LU t. LU' LU LU'L LU LU U.U LUiULUL W LU UL UL UL U L UL Li t LU L) UW U. LU L) LI

K N 0 N 0 C, r- C r 'r e 0 " w 0 .N 0 -N gi r. p.. .0 - TI - No y In r J% C0 Pp.- M~ U U

l8 l 111181 11111 11111111 t-l 11 111

a, 3l 7 .0 %P70 0 .0 0 .0000 . a 0 0 .0 .0000000 -00. - -0 - 0000 ~f

N NN NN NNIN ---- 4~--- -----------------



-45-

%AU U. WWUW. WU. U. LLU LU ULww

4 cooc Cclo c~rnc C) o 0o a

cc cc C& a' cc 0o 0000 0 (0Cp0C iC 0 0 a

0 0 OC' 000'000-1

w Me lullWW i

4D. - wO-N I
NN fA V 04FIA.

U,0 0000 0000000000000000 f

0 0 N IrI N0 -0 Ne f%o'olh%1

0000000000000000000000

00000000000000000010

ZI 11111 WOAN -4 04N * .N

'0 en .~0 0 0 ~ a0 4 0 t- N - -l -. -l -% P.- - -- - - - -- - I
*****. 99 ** *9 00020000000000000000000

'0 w000.. '04.0.0.0.0.04 IN.0.0 m 0 .00.

0 .C ~00 0 0 0 4 fJ 0 0 0

0000000000000-OOONOODOOO 00000000NNN Y I m yC NNfyNr
)-o~ 0 000 0 0. 00 0 00 wi OOU Q 0Cca ) &

uj ~ ~~~~~~~~ ~ ~ ~ ~ Wj LU LU UI LU LU tU LU LU LU LU LU LU LU LU LU LU LU LU LU- LU. LUP . -t .F--P - .P -P .

AJ UJL JJU L
0. n * el n9 I 9- * *9 9999.

CN~~ Of. 0o 0y' 00 00 00 0 IN 0 0 0 0 00
W LUL UL UL UL UU U UL UL UL UL UL

C,4 4 1' 4 4 24 ~ % ~ u f .

no f"O OO O O O.' O 0N NNNUNN NN NNNC



-46-

U ooo~o~0oo~o~o~o a co~coa c~co~ bQ0000000

00eoooo~r00~ 0s

a' " fts 4 * 0EdNNNC 0 r P

004050 00o0c0000000000

000 CC 000000

0,, (4 PV 0O0 0 *, P

0 40O4 N'N 4 0 N N .'e 5 J 0

000000000000000.00NN00

Wa 0000OV00000000 0000

an - 4 p- .- W% %% o UN W N @,m F- P
ry WO Q00 A , - 00r fy - t 1.-0 4 .. -%d. 00
0 'D *OD* a 'tS~ *9Q "WN- t * * 
* 0 a, 4*I* * a, a- & a, ma 07. a0.

o~~~~~~ cc 0 0000000 0

00000000000000000000000

00 00 0 00 0 00 0 N N N MN N N N ry .r PY fm 009 , 9 9 9 9 9 9 ." 9 9

III~iiMONO MOI i 0 #No.~ M . mO ._tA 0$0
W MN a, W m W W -ft N 0 W W% W W 3 W cc N

ooooo ooooo ooooo 00f0C00>0000-d38

ui ~ ~ ~ ~ ~ ~ ~ ~ ~ I III t"mI jum"Iu " j.

0WWWUJUWWWWWUWWWWWWWWWWWWW
- -- -- -- -fn0P- -V0 t M4

um V C, X 11 - - W0, 0e_ C0n

OOOQO-------------

4 00 p0 0 mt 11,c0 0 co a-0 x
- ~ 0 orJ~U 4W W PJUJJ .W



-47..

glee

. 4 Cr .C)W
4N N N N N N N N N N N N N N N N N N N N 'AC.. *.. G

00000

C. N , 0@
% 0 t r%

4 
4Co0oco 0 00o0000000o0 0 0000 00

0004000000000000000000 00000

4~~ 0~ N f0N

000000000000000000000000C 0000000 C0000000

00 0

4-- - - W% f- tA I ------ N-- 0- -o P- '0 V% N f-04 %40

.J0 N W% , 00 P.0 In A0 a a, N 40 ,A 0% 4 0%0% N P- 4. U%4 '0 4~ -4 - N 4 N SO 4. W b-0

W f UN0 tyC

S0 00000

P.1 r . - ---- r. I% -4 P. .. P. F. .4 . 4. P. N- P. P. PP-9'.44 . -?-P.F W

0 P-4M.0AMf0

00000000000000000000 3000000000000000e,000
u0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

TU LU- -5 P.. LU vU LU vU MU NU LU. LU LU UJ LU LU UJ, aU MU L"1 U #3 0) LU0 UL UL 13 UL L U
a050,0,r0G. r.0 # N 0 MV% W N V 0 5 N 0 4.0 IM 4 0 -rO.N50 0%0%00

000q0o00e0~000 0 ~&0 00 CO 0000 0 0Q00G00e t



-48-

00N0VI 0 e oll 0 Nk o09 1 4%l w I

V, Cann nnnone 40n tmon rwneo C
Ca C'oo no a C jL.Oo C, C )C pC o N1

*~~0%o* -01 44 -0 -- -- -- - - - --

N 4-.44.4. NNNN NN tN N NN NN ft N N N N N Nft

4
I-$

0 000 00000Cc-
I~~~~ I I 1 1 0 0

-. W A WWW WWUJ
"o o o bo oo klo W..wwe4

011

". 0 .. d X~ ld - N N P- P- 0- N 01 4 4 P- I 00
000000000000000000000 44

II~~~~~~ 0 0111 0110 11

0.04NPNP ".. 4.

U040 Z444 44 .01 4 414410C 44 44e

000000000.0 00' 00000 0000000

C~vO~oO0o0000clc00000000 0000000N

4'r 4 #0-O N4ON44~N

COYOOCCOOOOO4O4OOO0s4

00OOO0C000O000C0-NNN 0000C000C0300
0o 000~00C0o000O0000ol0o 4i 4 m4,0 & 00001, ( y y

0. 11fill

a4; ,4; 0;44 0; ;4 444:4 4.444

0000000 OUO 000000000000000o

P3 00 4 4O0 0 U 00w 000M N 000 %M M C

%~~ ~ ~ 19. LU P. wU P. LU WJ LU LU LU LU wU 0. P.. P. p LU LU nU MU V. 0U 1 w.P U LU .Ila0 0a
N 0 0 0 00 0 000 4 0 OA N N'C # Q Q 4 N. 0- 4~ .6 014Q4.0u 0

t- ml l l I ~ 1I T I I T 0 NN0wNF 1%00NNW '0a a4aa0O'
- ~ ~ ~ ~ ~ ~ V( aL~W~UwWL~WULwU O ONO 4Oa p..

K ~~~~~~N NNI04NN~ eO%4%ON00 NN N ',N N N fovO~o

29bh l.WA



-49-

4AA

a sagataa I ala a a04 a as.

4w 0c00000000000000000000C

2 ~ ~ ~ ~ ~ ~ 1 bNN NJ N NN 0~P

in~~~~W V, Wj m 0% WW W NN , ,t 4 4 Q 0

0000000000000000000

W 000 00000CO 00000000000e0000
a s a a a a a a a a a a i

IA U LU C l LU U 4% mU LU -0 LU LU LU U sU LU LU LU LU LU LU .4 LU W% LU 9%L L
IAO Q a- . .v'

00C 00i00 0

LU z
i- ep- 0 3.&Oln WNOMNfAM44NfA*-N MNP.C 0000

C.' . 0
00000000000000O 00.. 00* 00* 000 ** . 0 ** . 0 .. .. .. 0* .* . NN9

C'OOOOOOOOUOOQO OOOOOJOQOOOC0-NN

000t0000OL0 )oO0000.O00 0 0 0
uU WU U" U. LULL uULUU wUUU WU WLUUL LLU'A UJLUUW

0

00000?80000000000?0??000?0000
- 0 0 4 0 1 l 10 a al a- a aIa.a-

C * * * * * . . . . .
Q 0 t'OOf-O%"6%,0 ON

01) 'u.3.3f,3000000 U0~ U0 00 0

~~' In1. N0ON 0 N 0N.QNNOC0 .4t4

LU * *. w w w w w w * W. . . *. . . .W W *6 W* wwwwww

.0 00 Ln 1 % .0 00C 0 0 f'

-- - -- - -- - ------ -----aa

UJ'no4J 4fUW*UColoW



-50-

.- o0ccO00cc0 0O0000 0 00)C0000000O000

b% 4 - P 00- - 0 (P--N-N-P - N--0.--"- #-

9 N N N N NNbN N N N N PI 0t 0 4- M- %A- - - - - -- -- -

4

%A 0 000 M0 CNN 00&

0~~~~ 00 00 -Q . 0 4 0 0 00 P0000 0f -

0.4 & N W N #0NO 40004
lN0W O m WW 4 . %N W

40 0 40 00 5 N P 0~.If

ca 00 04 :00 0 00

4 Wa 000000000000000000000000000000

49 ww I~i W W W A W W W W I . W W W

4A 10O.Of-4.00~ m 0...-.l%-'Pa,.C.P-P-

U. *6 *W www w *w ." l .j #A 4 * * *. . w w . w

000 a a 000000(00 Ne 0- 0 w -N0

ON-., -000N00 Z 00 00 0 Ot 000 0I00U A4 %0fo9 oO O rz0 0a

9 0 0 og

a,- a-(1Q ,O V )

cc W W JU1U JWU JU W W www W LL w W 
w w 

Wi
06,-0 0MN4mmom -t C

0 73 00 N44 n f- .0m tC MI
0 P. *3 a P f. f* z *Gt*01 -F-0F F- -r0I

Cj000000z00000 UUO 0; 00a;O00; O00000N 1;t'

-0c Oo O OUe0 0Q Ujsi 0 0*1 ljUlogs.

2 Ir

; 0 00N 0 000
4o000C,00~.)000



-51-

-c0 oo0 c c)0COl 0 0Cc.oc)aC C a o 0 0o0 ac -C0c COOCC)0000000c,

-, N C) -N - .4 - - ... . - .- It N N N N N N N N N fn N N N N

I- 0U CV)0 000 C'0000

e 000 co0 0 0 CO 0000000"
0 fit i II I to $51511 1 1

o WU w w %J W 1 "i ,W0
9.4 *'~do *N4# v n -0' W0I :W - t ta4A4av P -

.0 000 CV ol lo -0 It C
.4 Vo W'C1 Sq0r ' f 0 c. ~ @ 4~

K ~ ~ ~~~c cc .0N0.OP0 000000 000 K

.4 wO 0 0000000 0000000 0000000 0000 .

z a,* S I I I S SS l I S g S I 0

Wi NI~ .4f 0-f"" t- 40 0 (P- I P~. 0N4 m N .W4 N 4p-tatc
oo0 4O 0N '.I *V.04 0 ON 9%. 0 V% el M.N"' 4

WC0 OQ00 0000000000.0.SfNPE'N

*s 0* * * * R 4 *

.4 IsI VNa NN m

CO00O O0OO0OOOO000O0 0O ~ 00000000000004NJ-'N

4z WWWWWWWWWWWWWSMWWWWW.WWWWiU.WiWi z

w N00P.4O 0.00064N04N.4S.4QQ

40 .*o ..... *. . ** * *4~ 09*0400000000000000
SM S SM M S SM M S SM M S SM M S SM M S

0. wwiwwwwww wwwww wwwwwwwww~ww 010 K1&CA&Q PC
IA m0 sM *~ m0i.44fN P. 4 0f Ia 0 N N 0 0 7'a1mfeF 0Ma

* rmomm . .. .. 4.4 0 9 0 9 * *WV 9v* %%I# w

a0 0 00000C00000 00 0000gm acyfy NN NN!N N

N 0 01N54 , dW I A04 W r4M
9w tw SMU OW ww WeW W 4 W MM 4 NM *M W% # w NM #w0N
j -No 44~FI .- P. 49I0I- a 4

9
. 4 ON444PfVf #4111M.WoN

* 4 54'.ON.N200-P-i~0 0 *.. * C ...

o a, 0"4t -04P-4SI40 0Ue0.065 000", o o ao o o

0*~~ Mo 00000000000000000N000000 00 ww~www~w

a. 40 00000000000'000a~00

w NC50. 101.ItP %
Ny WC NNA~. N'.i' N N N NV4 N NN N N

o 4 . A v-CO 4 0C5 N * 9 4 s0 4 IA ooF.ooooooa



-52-

i III

1 4 4 4 S

4 ~ ~ ~ ~ ~ ~ ~ 0 00000000000000000000000

Wa 0000000000

IN Nam N 4Wf .

o,* C4 ** .4 *0C 0@ -0. 1to4 40 Ww. "4wd" d

000 000 00000 0 000 00 000000 0000 00 000 0

'j l IJ

OWW

UJI-

00000000,0000000000000000000000000000 - 0 0 S0 0 0 0 S0S0

WW wWwww ww WWWWUW WW WWWWWWLLUU uw w jUWt

0000000 ~ ~ ~ ~ ~ ~ -000 000 M00 00 00 00 000 0 00 #0 N 0000 00

wwwwwww wwA. WWWWWWWWUJWWILJWWWU

0 3 ~ I ccW.4 P xaa

_oOl00OO oc0 OO0i00000000000001.0000
C000~.*00O00O00OLcu0000OjJwCO0O0CiO

-nr .t.4oI "u~ ." .M 3P r- t 1 1 ,e - ,V 0 14t 1" 1e 1r le 1'
Mw-W% w0W IA -4CO P 0 W 0W"u - VW -tN -W F W lcy ) I a o 'wIn a 0 a WWC
Il I .a t- 5-so 0-d a w - r ap N -W I- M 1- 0 - A y.4UCO 0 -%-nf -- 40

2 . N " n 0C Pa- 4( TW 0 -b P- 0 CP .700a-e'i* 11%0 D-10o- N Aj 0 000000000000 IJ U L U'
ulI f f %i f 8 o %u a- -40.0 e ~.0 10 aA t os0 a P P P . - N.O- . P-p-am IT .30 I-I Or 4 afc-4-1 lgeeg;0

III~~C S e .. .. SnC PIiM f, C o 4
a 4 00 1 ) 0a P 0'Z 0a GO 0 l 0W 1.)0. Q r I - t CI.CO O 4 ;O.O .- PC C

z 01 M 4 N NMNNO 4 P- N NNNNf N m 4 0O0r-)ww0O000wI% m
mc~ al w V!"13 a 0V t 0P 1 00 00 Jv OW0df

OP ?4Nf 'a- YI I vNf yNo nmm .M of "f T "f
a-~ ~~~~~~~~~~~ m--at 4--aava'ra .w w w w wjw

~ 050 0SC5 O~5~ ILA



%A WUN6A % ,oW W ut00 in0 N W W W.~ ' c o o o o o c o o o o ' o o 0 0 o

I UaIi jw w W JI. U. W, U

x 0 0. 0 m 0? a. * *. 0, 0p * a. 0 a. 0* &0-a ,aa .0 .0 D

0 " W0 C4n00000110 MMM
IN 0 w wN WW W0

-9C 0 .0~ * * 0 eI-

IN .4 IN N 4 IN IN IN IN N mf' 4.t 6% W%6*

U. I0100 3 11O1OaO I II0I0I0I
uj w w i u i ccii gel w g uww jU;wu

oo* 00*000000000000

W~~ 000 000 000 00 0000 0 0 00 0000 000N000M

wUwwwwwwwwwwwwwwwwwwW WWW WWW
ZIA 04fMO W W,=-o t0IN 040 OOMD c4vN0

000000 000 000 000 000 000 000 00
a- LU LU WU LUj LU wU LU wU wU LU wU wU wU LU Wj LU LUj ZUL UL UW

Xi 0N 4. N - C . N '04I N~

OO00000Cjo OCJ-NNNN 0 0000000000 0000000000 000000000
00 000000000000000000000000

0. hid

ZA IN WN aA %A m IA -IA tA P- %A V% m4 A Ifl N% N% N - & N4P4P h

Z~ ( 2 - a ( t 0Int 40 00O000000000O000000000O00000000 0

0~OflNOOI.-.O000000000000000000000000000000000000
LU IALA 4. 4.4. NCwwWtWi..i-i..4-d"

0 * *1 *01 -a *14 o o 40040* 4c o.4 1 o o o4

j -o ? oP c I .-. 4I (n 00000000?0
0

#1000000000
0 0 0

O000000Ot00000
LAc ii .i .c i cc ii ic cciii, 00 .6
> ~ ~ ~ ~ ~ ~ ~ ~ U CIDM O C O MCOCOW -WUlIC44. M0 0 .4WWd 4.4 4 U 4 1W4WL.4-4" 0.4W4-WWLU 4 - - - WLULU4 W. LU-

wN N N N ~ NN N N N~ NNNNNNNNNN L g uw u u uw l l U jLNww uw i wt w
00

0
00000

0
000-4N' Mt ONNNNNNN4fNN NNNNNNNWIiNN NNNNNNN &IIN~oJOCDOoQQOoo0 OQO 0 om ' tN4M t- -4N0r-4r- -I N0WI 4 -Voo. I ii In( N. OP t IN Pf?- nI 101 -1 A A- N

LU W WWWWIW wU W WJW WLUWw w N'A- nQFM -tNMW% 0r -M a.NmWInW0 w 4N
.0 OfPt.I W. C rl.fin Z In m m N In .- *c .4 A m m 0 * * 0

k"A 4f N 04 04 a -W 'i' fn In -4 p- 00 ON. aCI ' 0'i' '

. r4. -dN 40404? N N N N NN N N N N t'qi w.~r



-54-

U0000000000000000000 Op O-cc o pNMon oo e e e
01 0 tip, go 0' , ola a a-aKfscl 0 .

0 0 0 00 0 0 0 0 0 0

c0nmm 4W y 0... 0 t NO .. le 1-.0 .4~n~ ..- 00

4~~ 4 A t000000

-4NNNeJ-uNIN4N.-%j..N~~~V

0 0 00 00000000 0000000000000000

49 tA0 c o M-.4W Po~
r (A 0 O O O 0 4 0 0.0O .o044* M N 6Nf-FNP

4 0 * * *2* 01 * *O *S 0 **0 0* ** * ** * r*.
* ** * ** ** ** ** ~.. OOO OO OO O.M .'~i0,O;O

0000000000000000

U. r- co , Q Oc ...- 60000O 0 - 4 - .,4' 44-.
1 NN .. 4 N ryNNN M c.4' 00000000 000000 0000000000000oo

n, z W W W W W WW WW UIII V

0000000~.OO~0.40

O0 00 0 00 00 0 -4 W W%" .m N 0 In N . * * * .
, 0. 0 & & , w 0 a-I a a C n l t I - M I

WWWWWWWaWJUW WWW.ww WWWWIwu

00,00C.oo00000000000000000000.-NN
0000000000000000000000o0

< NN N N N NNN o c 3- nt W' 1.

~: 0

mWWW0NWmWtWWWWWWWWWWWQWn tUN W'u2UJUJWWW

N N (jr4e N N F- ~NNN N jN N N
YN N N N N'M N N N MNN NJ0 000000000000O00O0000000000.a8O'

0 4'OO 19. ()1 a, (iOM0cy. 00a,(I- (). V0ep 010C0
,a I- 00 I z I Oz4044
P-P -P -P -P. N -P.p-F'-P t- WW W L W W W U WW W W W W W W

0 0C C N? 00000LA0-00 0 - O0 N t0' M M M 0 CP4. .tN0

M4 -4. -4 ---4- -4 -t -4 -4 a4 -4 0.-M4nN404 nM' -

O~ 00 000 0; .J 0a000; f

ui uI w I" IuU uuu I I u la ui
N n WWWMWU1. rLaUM 0 MWIUMIU
a V. 1- 0000Oq0y0(v 00.0 a-00PU 0-M0N

T 0-0. ri~0- -. ~ ~ t~lM 0fl 00MU..U NWNWW0 JU UJW NWWMUJWL trW W o N . tWUJW W^
."4r NNNNNN=NOW

ix** ** * * * N~ N tMMMMMMMMMMMMMMM

00 00 00 0C 00 00 .4c cc 00 4- -4 NN %i V~P- c. .



-55-

O C '0 0 '0 ia '0 0 '0 0 0 0U 0 00.0 00 00.000000 0 0 0 0 0.,0' 00 0 0.000 0

4

000000000Cc 0000000000 0000000COJOOOOCC000000000000C

w~ u0 4 u0 un 1-. gu 0 P- 'N-0 4 .0 0.4 k 1 .0' t00. N. MP I n 4 P. 0 . M. IP . It .4 M # N5 M Q' -0 0' N 0% 0r cm
C . a-W .4 --- n.4 - t -- - -4 I- N 4 - N . .- W -4- - -4 -NinM--W-4w -V%0 - -

c4000000000OOO00000000OO OOOOOOOJOCOOOOC%00000

0

Q000c,0000000000000000 000cO~O000000c00000000

55 -000'~O.00000'O' 555500000 0'oooooco'oc00000W00

.. 4.4 .4 .4 4.4.4-G q .. d.44.4.4 44 4..4 .4 .G -. 4&..4.4 .4 ------------- 4.

40000 000000 0000000000000 00000000 0000000000 0000

01 NOO l.m% N.0Mu o0~ Ppt'- N

4000 S .I. 5 W1 .00W 0 OO4N"en%4 00 P-.-
5.0.'C'.OC'050'0.'O' 0!440 v54 0 5 o5ao 0551%44

in O oOODO ooao o oP.o 00a00 ooPooooo0000
9e~e C * G e ec * cN C * CP* CG ** ** * *C C

#**444v



-56-

II I

C ccccc C??'????? ea eeccog g

in 9.4 5-

-0 00 000000 00000

Luc 000000 0000 00000 000000

A is Mc is a i WN uggg

V~ .e~ NO 0 £4W'~P-w1 ~00@000000000

4 4 9.4 9 d. 9 9 *4. *9 111* 94 . 09. g x A W% 9 9% U% * In in 9 U9 M In W

QUO 0000 000000000000000

00

4000 00 00 000000

OO.COCOOQOOOOOOCOOQOOOOO00OOO00O0

P0 ggg -- ,4 -M4O ' 1& M 40

0~~~~~~00 MMo- MOS-NNN (Cc ei

0044000 0044.O'O
* 99999999*99.

0 00 0000000 000 00 000 000000 00 0000

K 01NC 4 4 0 ~ t 4P

0 - M N I(" , 0 QIO ot) 0" f000000000000000NNO 0

0000000000 0

it L UJ LU LU LUti Lu Lu U lu LU) Lu

Z ij 0 i0 w0N% N N 0 0 C) 4.,C, 0 0 Q0 f" m LA N-00X%

N ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 00 00 00 N "00A00t1 mL n0 00 f - 0 01 0C 0 VI

o 0 0 0iNM00000O 000NM404r00000000-0Nr NN NN(fCIo

,-0 OijOO 
A"OU U O , O O O O



-57-

it. in~ 9% W%

C C1 0 0 C
X- N N -NYc

ata

ul P

I I
- UL) U.

zC gryt N0NNNNNNN N N N .4.-NN N N ; N 0

wo 00

Ij0 0a o

6%e %i - 4UAW %i nnW %i %W %i t44 4 4 4 4 4 4
o~~c 0.Q ~O 0'. 0

0 0000000000000000000 0 0000000000 c 004

00000

a. w WwU W

0 r-U 0 - -

0000000000000000000000000000000000000
4 O0QO00000000000000000wojO00o000000o

V% MwRw-ww

0000000000000000000000000000000000000

o ~0 00000
~~ I ft 0 00 0a0

..4 - .d .4 M--- 14 -- .. --4.. 9.-d d - 4 4 .4 -- .. 4 4.4 i41.. 4 .

000000 000000a00000000000 0000 0000000
tON

X j U ituw j ULUUiUiW w ht lw % uWL w wwu iWww j jtutww jw W WwwwuJ
F ro 000 -d OP tIEMJn0aM_%Q NO-A NCO 0 00000

a~~~~~~ ~ ~ ~ ~ ~ toarM04C .cU . 0 o M 0 - 1 .c'aW d0a1 o4 u -000ou
.4 -en I ItIn MnemNeYN NNN4.4 0.40

rtn. P wa 0. NM tItI at-waaw 4 , t 4r wMa 4 r n oP.w(Y AWL iL O W wWW

W It-0 14cI

-10 .. 4 ryf"t 4 O
z



-58-

00 000 0 00 0 00 00 000 It0 Inp0 00 0 004

0, p 0 0. 7, e 0. 0, 0. 0. 0 0, 0, c 12 lop g

cI 000 0 0 0 0 0 0000

V% 0 o o 00m. mc.4A C I-
0 IJNN N n 'D # W, - t- 0 No V.J 4

00-000 00 00000000000000000

C 00000 00o 00000000 000

w- LU LU W ,wIi iww iw wU wU wU W w jw w wm
N4 0 44 NQ o.* 12-n m .AN 6%w w

M 4 44 MN 04 in- 4,0 OD00 O00

4~ ~~ * 4 9 o49 9 9-o* * . .9* *
.40nn!!!in.400VI04NVin.4N.400

L00 0 0MN I a ?- Itmf0 W" I in00 -

L0000000000000000000-o00000 00000000000

xI .-0 M4 4 p I -N r V M .4 NO .4F0 N 4-NOm 0 0 0 4

UJ 000000000@00060000000000N0

Z i Mp-ccP.0 P MN G NP.PM 00 0000 000 000000 000000 00 0

U)A0 00 00 0 . - - - . i m 4 4 . . . 00 O O

000 000 00i OOO OQO OOU *00 00N0NNN0 NNN000 J.4.4.4

0000000000000000000N9.94

- 9 N.. N * N 9 .a 9 z 0 a N f 9 * T 4 0 00000000000000000000

000 0 00N4O0.Nin0Q03000000

0 ~ ~ ~ ~ ~ ~ ~ ~ - - 4 4 N 12 0U 1 4n N in D4 13 '0 a0 0 VI 3 0 30 J% 4 -'

-40:)03 00 00 1- ?. ? 1-t M--.1 19'n M
V)~~~~~ ~ ~ ~ 9* 49** 9999999099999luL U LU U UuiwU L 1 U - na1 2 , li rIO M

00 0 00 0 0 000 1 . 4NP NTa nL e %U -.4 NN p- - - N N , NtvNN OOInInmO-OOnO1"fnCAInm0
000N0C 0 0mU-0 f" wOm J 0 0 mNf ' rI I rI

0. WLUWe7,N WWmUC WW- WL a ma UQ L nc N WW a U- T CPW0

I.' ?O OOoQ04 (-o OO OQ O O OO 4NNN'000M.4t4 0l-,t

y1 11 poi i il l ii VI - 0 0 4' O - I



t6I

-59-

V% V% in W% %A W% &A LM W% & U' in W% LA

~~~~~~,~~~L co c c 0 0 o c ooo o c c00o,00 c ooc000

C,*Ooo ooo4 cooooeooocoocCN'Oo

0 00 00 0
j U. II I

4. U % M.W ; .ccC m U

0: s. 9f% 9 .4, . .L LA 0
CL 47. t NCOl O 0

'0O0000'O00O00000000O000004000

LL W WW WJ WLUU.
1 UjO00~0O00C000o0c
4~w 4NM 4**** 0 * . . 4

00000000000000000000000 QOOOOO

0L 0'00000000'CCC000CC00000CCC o o 0 000 000 000

-~C ww~wIJwwUJUwwwwww
x oNO- -r 4m .0 w -40 fA 't

r r 4 - 4-M M .4 4*4.-r4.4 -4. r -r Zr m4 M M r 4, "t 4 Cj Cr N C4 0 N

000 00000000000000000000000000 4*4***444****4*

WO 0 9% m 4 N w r- 0 "4 W &A g -t0NoI 0 0
W m m W QW t It U0 m . m Ol W in W0 m It W) LU mU wJ -# " -4 t- UJ m

00 *NL:0m a F- 0&40 N 4C. . r- 0
888;( 8( C; 'zN MttNQ-4N N N N N.4IAuftC

OCOOOOOOOOOOOOOOOOQO0000000

wwwwa.L wujwwwwwwwwwwww

0r P-Ia, P- -0 -4 N M M VI.- '
-4,0

00000000000000000000000000000

Xj www wwwwwWWWWwWWWwWw LUWLWLW
e~ C,00L I66,0NC IAN N'OOC00 (aftt4 oq4

MO r.f .rN p 4'l,0C'' P
4

0'O A0
4

II M '..P .,tM 09
'04NMW44f Q 'NM' , N0N I A L A0 40N M O , P -M9 Ow u9'www w w

09 0t oLO''Uoo0o'''

00000 0000 0000 000C000 0000



-60-

M000000000000000 -in0000000M0011000W%0000M000000

#A W uWMiu wW LLULW W W wJLuLU.

I~~~~ N NNNNN $ 4

0 0 000 00 0000 00 000000 0

- L LU U li W LU) uWLU) LI 0

~ 0 .0 PI~ .

(op- e0M-4O0N #t niJt 00 r
4
L00OOOOO000000000O000000o00iC~o000 00o

.' 4NN .4 N N N N N M~ .4 9% W% Wt
U. 00000000000000004

0A o0 ' a.IA~ M4%W 1O ,I
IA0 , 0NCC to 0 O ~ P 0Lt ec c yN

C; 00 C;O 14 C; NN

a. .0
0. 0000000000 0000 00000 000000

glCzj 00zjt0QO00 Coooo ooo ooo oo ooo 000 000 0

Z ~ ~ ~ ~ ~ ~ ~ ~ A IA MD 0 lz W0 '0 4 M NE M4 0 0 10 a4 In .4 M4 M... ** 4 .4 - r 4- .r .4 t .0 z4 -a4

- * *** coo4NIN* 444 0000000000000000000000000000000

LU LU wU LU LU LU LU LU LU LU LU LLU LU LU UI xUL UL JL UL U UL UL UL
W% c0 NN04N 0 , P-- c * LA ,(ot

W ~ ~ ~ ~ ~ ~ L P- %AC tE Lt ~ D "- N (" In M M4 ME -r tEL -r rA w -r "rM MM I tE 4 -t 4 4 m E M M 0 M 0 -r It t

00000~000.-'NNN0000000000000000000000000000000O

00 CO 000000 0 000 00 O O O O O O O OJ O O 0 0 0 0 0

t. w LU wULLU U) WLU WULLUL -U K( C

4- * I,- 'o P 4 .04cr-mr'o m

LALA4.;.; N;

000000 00000 0 U00000t. a0 0 00 0 0

ui ~ ~ ~ ~ ~ ~ . LU LU LU LU LU U LU LU LU LU LU LU LU LU LU c- In-NILUor rp LU, P- Ir cU LU N- LU LU LU LU cc LU cL

-~~. . . I ..........iiI ***4N V - 0 4 E N . W J
-- 05 i i c a o 4WL u JWLa0U 00 WLU 0 0u LUia 0li0 0 1.1

IA~~~~~~~ r-A.0 L t..00lN %0 x 04 4 - N (" 4 r- M 01 . - N M . W .o .. M M . - N m .t .
-, -100 E L A 0 00 0 00 N00 N0 NN0N000 N000C M, MM0 MM0M0 M 'r0 ' 004

-IL %o c ,o Nm' %41 cfA00U P00U 000I n0100t n%

'0. '



-61-

V% I U U' V ' I U V% V% ul U' UM U LU' W% %^ U V% V, W' V% V, IA U' U' U' '

U' O 0 0 uU 0OW r- OU'U' 4V c W a NN NfNf" 41

04 0 01,,,0 m a o m . .. . . . . . . . . .. . . .. .

00 000000000000000000

kn W w c WU Wv (LW V, 'tIV 0 t-

ce o r% of- -0 W go 0 0

u0 0 00 O 0 a,0 ml0 00 0 i0 00 0 m L0 U' -. O.

4~~~~~ 00 0 0 0 0 0 0 0 0

000 00W00 000000000000 000000!!0!0 0 *0 *

00000000000 00000 0oo00o0Noo 000-4--0NN00 0 r-r-i

0000000000000000000U 00000

It N4 NI44# 0 V% . z - 4 0V% l 0 UNwNN 4..0 0 M MM
T 0 M M M M M M-t % M M MM M0M m 0 - wt 0 C). 0 .P0,

0. V% N U'N4NA a, 'O'.- f- M M?- 0% N M a

0 000000000000000e~

0 09 U 4 U 'CV O uL Ukn0 nLnLA04 N

0. 0 WWW WWW .W* .W.WWW.W. . . .W.W

00000o00000000000000C

00 0000noooocoo.0000000000
11 a- Oc m r 0 ml4 mm 0 0 0m:1 immm mammmi m

-OWJ W W W WW LW W WU WU W UL~
=eg ~ e ' e e e e -4 - 10, 4 .MZ M

0UV%00 moo0000 k000 OULM000
P-mm gi wu 0 'ltll4 yM 4 N 0r wc

C~ ~~~~~ N'UU'UIAy t4U'AU''UN'U''U''U



-62-

CYN N N N fn1 N N N Nf N N N N N Ny M N N N N NV N N4 N NI N If N N N N N N NM N N N M N N4 N N N N N N N N rfn N

p.0000 000 0 0 '0 0000 000 00 0 00 00 0 00000 00 0 00000 00900 )0 000 0

----- - N N NN N N N 0 0 00 000 04 44 4 4 4, , U'U' ' U'U' U U'U' U U' ' '

OO 000000000 00 00000 C' 00 C '000 '0000 0000000 0 0 00 0c' 000C'0

M . l . 01 (P O. . U. . . . - - * - - - - 0,* * * 0, , . r a. .l 0. . . . .

00000000~ooo0C000o 0000000000000O~ooooo

b. 4 fA N 0 l 0 kn 4 4 M4 01 N c V% N ' ' C ' a ' N44 m 4 -,% M,4 N' M' 1, a' a m- rp_0 w0 fU) n U) 0) U -9 ' .

-~~ -0 a a -0- --- -- - -- - n- - - -. 4 -'e 0--- C --- -' -r- -- -aa

-0 0x %0u"%00 Pu %0 %0L k 0 ~0'0 0 tM ~0 N m0- n% 0I'n . .. . .

44 1001 40.--. NNNp-NN- om m LLMM M0W010 .Q %P00)9-00U4 -0Ot00 NN'4~
0 % .U9O ,LA-I-C W OA 0V 0') 0'In'-N 0 0 9.9-0 U)U)U)U)9'-.%6%00 0a)UU.. '0 0,,00 A))UU))U 40 00 0Z



-63-

C. UN V% C% N 000 0 0N6 0 00 0 U%0 NW V 0 9% 000 00 V% 00 00 6A WVV

tn www wwwwwul U.uLWW IL WwL ww WU. WU.WW~U. WU.

-C o 0000 0ONC*# r--r- lo 0-f.*r4- C 1

0 Y N t'0. ,4 -S It~. 4 rI cM YN %m

00 0 10 0 00 0 00 00CN0O00%m NN W
%A I I I Il t I I i I I

M L.O N IA N mf.~ mI N t- 0 1 w0. y'r-

t( O, 0 0 - 10~ ef N -. tm- , 0 0 NO 1m 0 V% W

0. 0 .4 N a-NN0 a- N N. .4 ONN. -4NNU0 l AIA

O 000C000000000000000O~OO000000

a. m m *11 A *: A A*** * *4 ** N cy %J 4~ *

0!, 1111 0. -0

Lu u 0
ZIi LU IU u

0 LOW

I U. wu WWWWAWLUiLU wW LWWWW IwW uWUWW

C, r-' .000 zQ0 10.1 001 0 tA0 e t0..0 0
Lu N 0 r

0, IA 0~I A

u~ 'A W7.J f

tn Lu w.

4 ~ W n00M0r 04 li' T4' nP ct (Y 4 N 0 N -1

000 0 W 2I

0 l WOO O C O O O O O U O O . NA

Lu tn~Wuuu~uWuu~~W W~W~~W~~ a 4 z~~~~~ ~ ~ .4d. I YC .I-'
r0



jAj

-64-

IV. IAT ION EXAMPLE

A somewhat more complex example may help to demonstrate the

radiation aspects of the program. This second example will use

spherical symmetry, radiation diffusion by the implicit formulation,

single precision, analytic equations of state and opacities, two

materials, grey-body radiation loss, and a different choice of output

variables and units.

The physical situation chosen to demonstrate the interplay of

radiation and hydrodynamics is that of air surrounding an aluminum

sphere in which 1012 calories are released. This energy source is

confined to the innermost one-fifth of the aluminum mass and isintroduced

uniformly in time over one-tenth of a microsecond. The mass of

aluminum is taken as 100 pounds. Although this suddenly heated metal

ball is not clearly a good model for an exploding nuclear device, it

will serve well here to illustrate the essential features of the pro-

gram in dealing with transient radiation flow problems where hydro-

dynamics also becomes important.

The air and the aluminum are characterized by analytic formulae

for the equations of state and opacities and are presented in the

listings at the end of this section. The analytic forms for air are

particularly complex, and can lead to excessive running time for some

problems, since the equations are computed through many hundreds of

times for most cycles. The alternatives are to use simpler approximate

fits (this one is good to 5% almost everywhere) or to use tabular forms.

The formulae for aluminum used here are quite approximate but also

fairly simple.

The CDR subroutine computes sources and sinks. In this example,

it generates the initial energy (at a constantrate for a fixed time

interval), and also calculates a grey-body radiation loss in the air

which (by choosing an input option of IRAD=7 or 4) is computed using

a special fit to the emissivity of air. A choice of IRAD=6 or 3 allows

the subroutine to calculate this grey-body loss with the Rosseland

mean free path of whatever material is exposed. This grey-body loss

has the form

t€
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D =ar.6-1)T4(t) ( ./X)/(t) (74)

in which a is the Sefan-Boltzman radiation constant, here equal to
-4 2 4

5.67xi0 jerks/meter /millisecond/10 degrees Kelvin, and X is-

either the Rosseland mean free path or the emission mean free path

for air. 6R is the zone thickness, R -Rj. I for the corresponding

mass 6mj.,. There is a further multiplicative factor when air is the

outer region (IRAD = 4 or 7) which is an approximation to the cold

air transmission cutoff in the ultraviolet (at 1860 Angstroms). In

4units of the code (temperature T in 10 degrees Kelvin) this factor

is:

f = 25/(25 + 3.5xT 2 + T3 ). (75)

The Generate print-out is similar to that for the first example,

but now it is necessary to include a radiation stability constant.

The implicit scheme in theory needs no limit on time step size, but

some limit is necessary in practice both to avoid too many iterations

per cycle and to avoid exceeding convergence domains which frequently

seem to stem from the complexities of the equation of state fits.

While the radiation front is building or when it is crossing a dis-

continuous boundary (between regions), it is prudent to limit the

stability constant C5 to a value of about 1.5, but afterwards a much

larger value is more economical. While too large a value necessitates

too many iterations per cycle, too small a value restricts the size

of the time increment without much reduction in number of iterations.

The total number of passes through the iteration loop in advancing a

given amount in problem time is a rough measure of running time

economy, since the bulk of the computing, particularly with complex

equations of state, is done in such loops (e.g.. ROC, RDI, ROD loop).

The iteration procedure for convergence is arranged to become

progressively less exacting as the number of iterations increases.
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After five iterations the test on the fractional change of lumin-

osities is dropped and only temperature changes are monitored for

subsequent iterations. (See listing or flow diagram for the RDI tsubroutine.) After ten iterations, the fractional change of tempera-

ture is allowed to be four times larger (where initially 6T/T is

tested against X3, now the test is against 4*X3). After 15 itera-

tions the test is made against 20*X3, after 20 iterations against

100*X3. and after 25 times around the loop, the test on the itera-

tive change in temperature relative to the temperature itself is

that it be less than 1000*X3. At the twenty-fifth iteration a

trouble-shooting print routine is activated, and most of the numeri-

cal values for parameters calculated in the relaxation loop are

listed for all subsequent iterations until relaxation or until the

29th loop when the problem dies.

Settling for less accuracy when many iterations are required in

finding a self-consistent set of temperatures and luminosities im-

plies that the procedure is to some extent self correcting, and that

subsequent cycles will not suffer from such a single or occasional1reduction in accuracy. When a real instablity is in the making, such

is not the case, but then, a cycle or two later, a stop is inevitable.

All of the test constants, Xl through X6, must be specified for

this test case with radiation and with added zones. The XI test

occurs in the ROE subroutine in finding new temperatures in the

hydrodynamic regions beyond the radiation diffusion region and is

similar to the GETVAR routine which uses X4. Both Xl and X4 should

be taken to have the smallest values (2x10 6 ) of any of the test

constants. Both require that temperatures derived for some value

of energy and density will be correct (consistent) to two parts in

a million. The X2 test occurs in the implicit iteration loop for

luminosity convergence, and is taken here to be four times larger

than Xl and X4. The X3 test determines the temperature convergence

in the same implicit scheme, but is chosen here to have a value

twice that of Xl or X4. The test of convergence in the first guess

for temperatures and luminosities prior to entering the implicit

iterative loop uses X6 and as such is allowed to be 100 times larger

* 'Z
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than Xl. The X5 constant controls the size of the doubled zones. - 4
If a pair -of zones about to be merged ito a single zone (CZR sub-

routine) promises to be thicker than X5 times the largest 'radius

active in the problem (radius at-JHAT), then that doubling is not

allowed. With a value of 0.1, no zone will be allowed, through

doubling of zones, to become larger than 10% of the maximum radius.

In the RAND version (but not the all-FORTRAN version), a set of

variables and the units in which they will be presented are listed

at the beginning of the output. The zero-cycle listing which follows

shows the initial conditions to include no motion, normal 293 degree
0Kelvin (20 C) temperature, 14.63 psi ambient pressure in the air

(something more than 2 kilobars in the aluminum initially), 1.2 kilo-

grams per cubic meter air density, etc. INTENG stands forinternal

energy, DYNPRS for dynamic pressure (pu 2/2), ARTVIS for artificial

viscosity, LMNSTY for luminosity, ROSMFP for Rosseland mean free

path, NETPWR for net power as represented by the mean free path

times the spacial gradient of luminosity (X.(L -Lj_ )/(R.-RjI)), and

RALORT for radiation loss rate as carried by half the THETA term

or as D*MN.

Note that on the first cycle, although the stability numbers are

all small, convergence requires three iterations as indicated by

iteration counter (IC).

Note that the energy check print-out after the first cycle shows

some internal energy in the first region, indicating that the source

term is active. The slight amount of kinetic energy in both regions

stems from the small velocity that arises at the region interface

(pressure in the aluminum being initially 35,360 psi).

The first cycle print-out shows the velocity at the interface,

the corresponding dynamic pressures, the rise in the temperature,

internal energy, and pressure in the first zone where the energy is

being introduced as well as changes in luminosity, mean free path

and net power. In the first zone, the radiation loss rate shows a

negative value (-1019 cal/sec), which is the rate of input of

source energy. Some slight radiation loss occurs at the interface

also, but is unrealistic and negligible.

[ jr...
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The next two cycles show the radiation flowing into the second

zone as the source continues, and the energy increases. These con-

secutive cycle listings do not provide adequate data for easy code

checking, since each cycle has several iteration loops within it.

In the RDI subroutine, however, is a call for printing of much of

the iterative loop function values, and it can be altered to print

on every pass. (It is ordinarily set to print only after 25 itera-

tions, to help in diagnosing a failure to converge.)

By the fourth-cycle the number of iterations has risen to 7, but

the stability conditions (LAMBDA, OMEGA, and GAMMA) are all less than

unity, so the At is still allowed'to increase. By the eleventh cycle,

the radiation stability measure (GAMMA. with C5 = 1.5) has risen so

that the next cycle must be at a smaller time increment. At this

same time, the radiation has heated the fourth zone enough to include

it in the radiation diffusion cycle (JSTAR increases from 3 to 4).

As more and more energy is injected into the first zone, the tempera-

tures rise, and the luminosities increase.

Although some compression is generated in the second zone by the

high pressure in the first zone, and rather high velocities result

(about 2000 ft/sec)in the first zone after the second cycle, the

time is still too short for a change in the density to show up in the

first four figures listed. On the first cycle print-out, small arti-

ficial viscosity pressures show up in all the aluminum zones. These

are spurious, and are due to the slight difference in round-off be-

tween the densities as calculated in the Generator and as computed

here in the hydrodynamic subroutine (HYD). These viscosity terms in

turn lead to the small velocities of cycle 2 for the same aluminum

zones, although the first and last aluminum zones have larger veloci-

ties due to the pressure gradients between the heated first zones and

the second zone and between the aluminum and air.

By the third cycle, slightly more than 5% of the energy has been

injected, and it is still residing in the first zone of aluminum.

The energy check sums (labeled E, K, Ws Y, W-Y+Y) after cycle 3 show

o, -this clearly. They also show that no energy has been radiated from

06
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aluminum to air or out of the air as yet (the Y terms being still

negligible), nor has any net work been done on the air (W-Y+Y for

region 2). The net work on region one is just the energy introduced

into the aluminum.

By cycle 10, somewhat more than a third of the total energy to

be introduced is now in the aluminum ("none" yet in the air). The

time steps have been allowed to increase to nearly three times the

original choice. However, the GAMMA term is growing rapidly as the

radiation begins to flow, and by the 12th cycle it forces the &tto

decrease. A careful look at the output for cycle 10 will reveal the

beginning of some rapid changes, for which smaller time steps are

perhaps desirable. The innermost aluminum zone has a temperature of

more than 15 million degi'ees, the velocity is more than 105 ft/sec,

the densities are beginning to change, the pressure is high and the

luminosity is rising. The Rosseland mean tree path is larger, and

the net power flux is approaching a few percent of the rate of intro-

duction of energy. Essentially nothing is going on in the air, as yet.

By the thirtieth cycle, the time step (DT) has dropped again to

what it started as. All the energy has just been put in by the source

term, and on the next and succeeding cycles no more energy will be

pumped into the first zone. Since the time did not quite reach 10
-4

on the thirtieth cycle, but will exceed that value on the next cycle,

not quite all the intended energy was introduced - lacking about 7.*

A little energy is now leaking out into the air by radiation diffusion
(Y'21.3%) and a little hydrodynamic work has been done on the air

(W-Y+Y = 0.814342E-03). The outside of the aluminum sphere is just

getting up to high velocity, and is still moving at about half of the

velocity of the hot interior. None of the air is compressed, but the

first air zone is already up to a tenth of a million degrees.
In the next thirty cycles the time advances to .159511 micro-

seconds, and some eighteen percent of the energy flows into the air

by radiation diffusion. This is shown by the energy check Y term for

region 1 at cycle 60 (Y = .185566). Essentially all of this energy

is in heat and shows as internal energy in air (E = 0.185538), with

the corresponding kinetic energy for air (K = 0.0315925) being derived

*Recall that the source was chosen as a fixed rate (-1019cal/sec

for 10-7 sec), so that the exact energy could have been injected by
fixing the time step or by calling for an output at that time.

.. .. .. :- -
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JI
from the work done by the expanding aluminum. The work term for air

corresponds: W-Y+Y = 0.0315648.

The cycle 60 output shows that the aluminum temperatures have

fallen, and the luminosities and mean free paths are also decreasing.

At the same time, the velocities are increasing. The air is now hot

out to about seven feet, and so a "fireball" has appeared.

At cycle 103 a special print occurs as directed by the GETVAR

subroutine. Whenever the iteration count in the convergence loop

which derives a temperature from a new internal energy exceeds 10,

the print occurs, listing the zone number (16 in this case), the

iteration count, the variables (OVAR and VAR, in this case since NV

is 2, OVAR is the temperature and VAR is the specific volume), the

function being worked with FN (in this case the energy, since MF = 2),

and the desired final value for the function F.

When large changes in variables are taking place, the combined

use of complicated equation of state functions and the Newton's

Method may lead to trouble. The Newton's Method employs local slopes

(derivatives) to approximate the change needed in the variable in

order to arrive at the correct function value. Occasionally, as has

happened here, a pair of points on the functional curve are struck

such that the slopes from each return the variable to the previous

value on the next step, i.e., the oscillation between two values is

stable, and convergence is never achieved. To avoid such a needless

catastrophe, the GETVAR subroutine kicks the convergence loop just

once on the 16th iteration by taking the next guess as the average

of the current and the previous guess. As is evident in this case,

such a joggle can quickly lead to convergence.

The termination of the run at cycle 131 represents 10 minutes

of execution. The next run was chosen to have C5 = 103, which allows

a substantial increase in the time steps since the radiation diffusion

stability (using C5) has been restricting the time steps. After re-

generating with this change, the time steps increase (by 9/8ths) every

cycle for twrnty cycles, or by nearly an order of magnitude At (from

.47E-05 at ,L=132 to .44E-04 at n-152).



-71-

The termination at cycle 197 represents another 10 minutes of

running time. For the following run, C5 was increased to 20, but

already the shock forming in the first zones of region 2 has raised

the shock stability limit (LAMBDA) so that radiation limits as de-

fined by C5 and GAMMA cease to restrict the time steps. GAMMA soon

remains equal to k (its initial value when searching for the largest

value) and At is reduced by the LAMBDA criterion as the shock con-

tinues to grow.

By the last cycle, (n=259) some 30% of the energy has diffused

from region 1 into region 2, and a shock is beginning to grow at the

outer edge of the radiation sphere in region 2 as well as from the

rapid expansion at the inner edge. Carried to later times, the hydro-

dynamic expansion would soon dominate, and only slight radiative

changes would be seen. Eventually, the grey-body radiation loss

routine (CDR) would reduce the energy remaining behind the shock and

lower the total net energy, but the radiation diffusion will all but

cease, and could be eliminated at late stages without serious error.

An appropriate choice of the critical temperature Zl will keep JSTAR

from growing beyond the hot region and will thus restrict the calcula-

tion of radiation diffusion to just those inner zones that remain hot

after the shock passes.

i

4

4'P

1L



-72-

HAROLD EXAMPLE 2--NU92?--IMP*--S.P. 1O/6/66--C5al*5 IN REG* 1,2

ANALYTIC EQLATIDN OF STATE FOR ALUMINUM
FUNCTION FPI0OO(TsVI
FPIOOO=(36.18'(920..1**2)ST)/IV*IT*2*1.OSE,4))
RE TURN
END

FUNCTION FEIOOOITqVJ
FE lCUO*(T* 2E+/T*1+12V*.5 16. L/V**.251) )'649.+T**?l/

t (ILO.4TI
kFTURN
FND

FUNCTION FKIOOOtT#Vl
FKlOO.225E*5 + (.2E+?*I1...237E-16*TeeSd*V**(-1)l/(1.4.817E-I?*

I T**b) +(.423E+1O.T**2*V..4-..51)/IL...02*T*03*.176E-6.T..6)
RETURN
END

AIR EQUATIONS OF STATE Ft3R GENERATE AND EXECUTE.

AICATA

PAIR CUJNTRL A98+5
A DEC *7778E-Io..602E-3..5097TE-39.209G.971E4
Fs OFC 4. .8.492.0.0o8.0.2

AIR CONTRL MX4+9
M DEC I.I.29492#393*49LO
N DEC 69.2.3,8.3.69696916

XO UEC 2.236E+5.4.975E*L.2?ZE*6 .3.e92E*?,8.130E*4,4.89E*9,
ETC 2.77'E'491.547E*IO.O

XI OFC -1.5C9E*4-5.463E+3.-I .Z4oE*5 .-2.Z95E+7,3.190E.3,p
ETC 7. 125E+8.-7.849E.3.-1.671E+8,I.619E411

X2 D)EC DO.-3.C53F+3.OO9,0O-6.617E+TO
X3 DEC 5.412E+27.1.609E.7.Z.615E+793.330E.1494.976E+5,8.368E417#

ETC 3.243E+7,.3.49E+997.2T5EI8
X4s UEC C.C..34E+6.C.-1.883E+3.D.-5.494E*694.OE+8,0

END)
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FUNCTION FPlCO2fT,V)
DIMENSION X(S)
LOGICAL RC
COMMON /PAIR/A(5),B(5)
RC a FALSE.h
ETA =773.395/V
ETALU& = ALCGIETA)
TAU =T* bXP( -C.C86*ETALOG)
SIGMA TAUJ /(0.9746 + 0.0254 *EXP (-.21556*ETALOG) I
IF (TAUoLE.1.,0) GO T0 2
TAu=1.O/TAU
SIGMA= 1.0/SIGMA
RC TJRUE*
~2 T2 TAU**2

X(l) = X12)**2*T2
X(3) = X(l)
X(4) = SIG?'A**12
X(5) = X(4)
AC = 1.0
DO 1 I = 195
IF(.NUT.RC) AC = AC + B(I)*(A(I)*X(IJ)/(l.+(A(I)*X(I)))
IF(RC) AC = AC + A(I)*B(I) /(X(I) + AMT)

1 CONTINUE
C SET FUNCTICN VALUE

FP1002= 2.8688*AC*T/V
R~ETURN
END



-74-

FUNCTION FE1002ITeVI
COMMON /AIR/M19N19).XC(93 .XI(91,X2191,X3(91.X4(91
nIMFNSION Y(16)
LOGICAL AC
RC a .FALSE.
PaFP 10021 TV)
EE z ALOG(713.395/Vl
EEE a EE**2
Y(lI vil.01375E-04/Pl * EXP( 1.0553*EE)

ONY s 1. -Y(j)
Cot 7.4E-C2 -3. lb4E-03*EE
IF IEE.GT.C.0i C a C -.C058520EEE

2 Oa 2.357E-C2 - 4.255E-03*EE -2.52E-04*EE

U a DPY**2 * I(1)l-C) *(Till)-)

W a 100.*Yt() + 1.0
'fy a Yl
IF (YY.LE.l.Ol GO) TO 10
RC a .TRUE.
Til a ./Y

10 Y(2) a ilI*Yfll
Y13) a T(1l*Y(Z)
YW4 w Y12)*Y(2)
YIS) a YilI6YI4)
Y16) x Y(31*Y(3)
Y(8) ar Y(4)*Y'.l
'I1O)w Y(e)*Y(2)
Y(16)- Y(8)*T(8)
TP a .
00 3 I slog

IN or Nil)
IFI I.EQ.6) X1(6)aSIGN(Xli6) ,EE)
ENUM a (XOfI) + X111) * EE +X2(II) EEE I*CMY
IF (I.EO.6) ENUM x ENUM * U
EDEN z IX3(11 + X4(11 * EE)
IF (I.EQ.3) EDEN a EDEN * W
IF (RC) GC TO 11
ENLM w ENLM*Y(INJ
EDEN z EOEN*Y(INI + 1.0
GO TO 12

11 INN a IN - IM
ENUM z EtILM * Y(INM)
EDEN a fi)EN + Y(IN)

12 IP - TP # ENUM/EDEN
'i CONTINUE
EMU a Ti' % 1. + (27.*YY + 3.) /(5.*YY 1.1

C FUNCTION NAME HERE
FE1OC2a P*V*IEMNU-1.O)/2.0
RFTURN
END
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SLBKUUI~TNE ECHECK
COMMON /JKA2/ ERS(691019 ESI6910)9 TMR51691019 T4S16910)v IKSI10),

1 JS(I0is NKS(1019 NLS(1C)9 RRGCI5)o JREG(15)9 C14151t C2(15)9
2 C31151* C4(151# C51151, C0(1519 EMIN4(6it EMAX(61, KMIN(6),
3 KMAX(6)v PMIN(619 PMAX(6)t TMIN(6), T,'4AX16), UMIN(63, UMAX(619
4TEMIN16). TEMAX(61* TKMIN(63, TKMAX(61, TPMIN(61, TPMAX461, NKMAX.
5 TTMtN(6)o TTMAX(619 TUPMIN(6)t IUMAX161. NEMIN. NFMAX, 'NKMINv
6 NIPMINs NPMAXt NTPOINt NTMAX, NAiMINv .UMAK. NRSRCE. NLSRCh-,
7 JC. JOS* JON. DRCs lI. Z. IL. XI. X2, X3t X4v X5, X6s NSsN7,
R UNCOS. UN11KS@ r.9 OT. L)TP9 JSTAR. JHAT, JMAX* DELTA# REGNO, JZ.
9N.4EG#NFOS*RMINaKMAX. IRAD
COMM4 /IKA2B/ NDH(6). NHC(61, UTH16), CTH(6)9 NDP(63, NPC(6)t

1 DTPRC61. CTP16)o NDCKI61# NCKC(6[. UTCK(6)t CTCK(6)v
2 N. ICK. IH. [Ps ICK29 1H2, 1P2v TMCKL. TMHLt OTS. DYPS. IC,
3 IRETR394 TMPL, 4PRT. NEN.CK@ NHIST
COMMON /UC/ U~i)
CC.MMON /EGCI F.G(1)
COMMON ID'4ASSCI VMASSIL)
COMMON /CKCOM/ CKY(15)
CCMMON /SUM2C / SUM2115)
COMMON /EGMC /EGM(l)
INTEGER DELTA. REGNO. UNCGS. UNPKS
REAL KMIN. KMAX9 KP. KM. KOM
D1IMENSION CKLI15), CKK(15), CKW(15)
00 10 ImI.NREG
Ci(E(I 3..
CI(K( I )O.

10 CKWII)wQ.
IR'1

15SUMIzO.
5UM3zO.

20 SUMIzSUMI..5*DMASSiJ.1)*(EG(J.1).EGN(J*Ii)

SUM3-SUM3+DMASS(J+1)*(U(J3*0*U(J+1)**2)

IF(DELTA.EQ.2) CKCzl.5015E-3
!F(O(LTA.EO.I3 CKCx2.389E-4
CKE: IR)u( SUMI-SUM2IIRJ )*CKC
CKK( IR)xSUM)*CKC/4.
CKW( 1K) CKE( IR) *CKK( IR)

35 IRuIR.1
IF(IR.LE.NREG) GO TO 15
IR-1
PRINT 7000

7000 FORMATI1HO.8XIHE,15X.1HKdL5XIHW, J5X.1NY.13X.SHW-Y+Y, 13X.4HJREG,^)
40 CKYOaCKY(IR-1)

IFIIR.EQ.I) CKYOsO.
4TERMvCK4I IR)-CKYO+CKYI IR)
PRINT 7001.CKE(!R),CKK(IR3,CK(IR).CKYIIR),WTERMJRLG11RI

7001 FORMAT(I 5EI6.6s110,E22.6tEl6.6)

IF(IR.LE.NREG) GO TO 40
CKE 5.
CKK S=..
CKWS&O.
DO 5C IR=1.NREG
CKESaCKES+CKE (IR)
CKKSuCKKS*CKK(I 5,

50 CKWSuCKbS+CKW11R)
PRINT 7001. CKEStCKKStCKWS
RETURN
END
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All of the preceding information is documentation. Any amount

or type of information desired for this purpose is allowable. It

goes between the $ENTRY GMAIN card and the START data card. The

only restriction is that there must be no $ in column 1. In the

case of a subroutine which you would like to include, the $IBFTC

(or $IBMAP) card must be removed. If a $ is encountered the program

stops and you get the message "END OF DATA ENCOUNTERED ON FTC09."

I

iI
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V DESCRIPTION OF "GENERATE" PROGRAM

INTRODUCTORY REMARKS

The Generator section of HAROLD reads data, with sufficient in-

formation to define a problem, from cards. It then generates all the

constants and zone variables for the problem defined and writes them

on the history tape, FORTRAN logical tape 12, as cycle 0.

The Generator is also used to change data when-restarting a

°problem from a given cycle on the history tape. Any constants may

be changed, but the zoning and zone variables may not be changed.

DATA DESCRIPTION

The Generator section of HAROLD has the following data cards.

Those which are required are so indicated by an asterisk. The cards

should be in the given order if present.

.*START

*HISTORY

*PRINT OUT

*ENERGY EDIT

' TIME STEP

UNITS '(RAND version only)

GEOMETRY

RMIN

EOS

*REGION

ZONE

%any other REGION and ZONE cards required)

ZSOURCE

RSOURCE

BOUNDARY

COMBINATION

ZTEMPERATURE

*PERCENTS

*ENDATA



Any number of 72 column BCD cards may be included before the

START card. They will be printed at the beginning of the generate

print-out for documentation purposes. Note that a $ may not occur

in column I.

The FORTRAN version requires that all documentation cards be

preceded by a card with the number of documentation cards to follow

in (16) FORMAT, i.e., a right adjusted integer in cols. 1-6.

START Card

NS is the cycle number of the first cycle (0 for generating

new problems, non-zero for restarting) and NF is the number of cycle:,

desired. These parameters may occur in either order. IHYD is 0

for problems with radiation and non-zero for those with hydrodynamics

only.
HISTORY EDIT Card

This card controls the frequency of history edits by cycle

number or by time. History edits will be taken every ND cycles V
until cycle NC is reached, then the next ND-NC pair will be used;

or history edits will be taken every DT msecs. until time equals CT,

then the next DT-CT pair will be used. A maximum of six pairs may

be specified. These parameters must be sequential, i.e.,

ND= NC= ND= NC= etc., or

DT= CT= DT= CT= etc.

The two types of pairs may not be intermixed.

PRINT OUT Card

This card controls the frequency of print outs. The parameters

are identical to those of the HISTORY EDIT card.
ENERGY EDIT Card

This card controls the frequency of energy edits. The para-

meters are identical to those of the HISTORY EDIT card.

TIME STEP Card
0

The first DT is At in msecs and the second is At in msecs.

Usually At0 is equal to At2 . (Atn= (,t n '- + 6t

2

__ _ _ _



-4"

-112-

UNITS Card

The data on all input cards following the UNITS card may be

specified in either MIEGMS (meters, megagrams and milliseconds) or

in CGS units. If no UNITS card is present, MMEGMS (the units in

which the calculati . is done) is assumed. (See column two of the

output data description form, p. 253, Sec. VI, for the details of

MNEGMS u, 'ts.) (Not applicable to all-FORTRAN HAROLD.)

GEOMETRY Cards

Either PLANE, SPHERICAL or CYLINDRICAL geometry may be specified.

If no GEOMETRY card is present, plane geometry is assumed.

RMIN Card
0 may be specified. If it is not, R0 = 0 is assumed.

1 0

EOS Card

This card is required only if tabular equations of state are

used. It establishes the correspondence between the material numbers

of regions using tabular equations of state (i.e., 0, 1, 2, 3, 4 or

5) and the equations of state to be used in those regions. The

idno's are the identification numbers of those equations of state

on the equation of state tape prepared by TABCOE. For example, if

a problem were to use the tabular equations of state for aluminum and

air, and these equations of state were identified on the equation

of state tape prepared by TABCOE as 513 and 700 respectively, one

might assign the material no.1 to aluminum and no.4 to air. Then

the EOS card would be:

cols. 1 3 128

EOS = 513 4= 700r

REGION and ZONE Cards

REGION cards are used to specify the material of a region, all

constants of a region and those zone variables which are consistent

throughout the region. ZONE cards are used to specify only those

variables which are not consistent throughout a region.

A. Material Specification.

m is the material number of the region. If the

material is specified by an analytic equation of state one of the

~ _-a "
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material numbers 1000, 1001, ... , 1005 must be used. If it is

tabular one of the material numbers 0, 1, ..., 5 must be used. If

the equation of state is analytic and of the form P(E,V), T(E,V)

rather than P(T,V), and E(T,V), the material number 2000, 2001, ... ,

2005 must be used. The material numbers 2000, ..., 2005 are only

permitted for problems with hydrodynamics only.

B. Number of zones specified by a ZONE card.

n is the number of zones specified by the ZONE card.

C. Specification of radii.

The R.j ljmax may be specified on REGION cards by

inputting R IR' the outer radius of region number IR, with either

SIR' the correspondhg j, or &RIR the uniform zone width. Specifying

IIR and 6RIR is also sufficient. The labels for these are R=, J=

and DR=. The radii may also be specified on the ZONE cards by in-

cluding either R the outer radius of zone number j. or aSRj, the

width of zone j, which will be added to Rj. I to yield R.. The labels
for the ZONE card are R= and DR=. If R. is specified on a ZONE

card, n must be 1.

D. Specification of VT,PE and K.

It is necessary to establish the values of T and V, the

independent variables, in order to determine P, E and K. Any of

these variables which are consistent throughout a region may be

specified on the REGION card. Those which are not must be speci-

fied on ZONE cards. T may be specified through the use of the label

T=. V may be input directly with the label V= . It is also possible

to input &n which determines V through the equation:

Vj_ = R i-R (76)

(see also (12))

where 6 is 1, 2 or 3 for plane, cylindrical or spherical geometry

respectively. The label for this is M=. Also p may be input with

the label RR=, and V is determined by

V l/p.
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Either of these independent variables may be omitted if one of the

three dependent variables P, E or K is specified. If, for example,

P and T are input, the equation of state P=P(T,V) may be solved for

V. Any other pair consisting of a dependent and an independent

variable is, ofcourse, equally permissable. If the equation of

state is analyticneither independent variable need be specified, for

if any two dependent variables are input,T and V are determined. For

example, if P and E are input the equations of state

P=P(T ,V)

and (77)

E=E (T ,V)

may be solved simultaneously for T and V. If the equation of state

is tabular, inputting of two dependent variables is not permitted.

If, for hydrodynamics-only problems, equations of state of the form

P(E,V), T(EV) are used, the above discussion holds if one reads T

for E and E for T.

E. Specification of initial velocity.

The initial velocity of all zones in a region or those

zones being defined by a ZONE card may be specified through the use

of the label U= on the REGION or ZONE card respectively. If U is not

specified, U--0 is assumed.

F. Other labels on REGION cards.

Cl and C2 are used in the artificial viscosity equation

in the subroutine HYD:

Cl 2 n+l - n 2
Qfv= IR % (Vi)
j-k n+l n+l

(Vn+l n n)2 (.j + Rj-I)2(6-1)(V.% + V _)(Atn+ ) (J 4 2  ( )

+ 2I ~iLi nv+l - Vn+ 
.v-% (78)Rn+l n-1-

n+l. Vn ._ n+k R + R (6-1)
(V.- + )At 2 R j 'l)  (also(13))

-~-~ - -
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C3 is the Courant Stability constant in the equation:

Rn1-) 2 (§-I) pn+ 1 Cj " j_ C3R

X R.)j-k- IR (79)X20 =vn+l 2 (9
J4 (&m.n 2

C4 is the artificial viscosity stability constant in the equation:

(n nvrI~ 0 4

X = 30 -V VP I (80)
v n+1j-k

C5 is the radiation stability constant in the equation:

n n+l

C0 IR"(R? 1 )2m 1 r?10 (81)

8JR n

C3, C4 and C5 are used in the subroutines TSR, TSREXP and TSRIMP.

Cl is typically 6.

C2 ranges typically between 0 and .
C3 is typically 1.6 but may have to be increased for non-

gaseous substances.

C4 is typically 16 but may be increased to reduce the time step.

C5 is 1 for explicit radiation problems and equal to or greater

than 1 for implicit radiation.

EO is the initial energy in the zones of a region. It is also

used in the calculation for obtaining a value SUM2(IR) in

GENRAT for the energy edit routine in ECHECK and it is used

in CZR when combining of zones requires a new value for

SUM2(IR). It may be equal to 0. If iot input, EO is assumed

to be equal to 0. EO may also be input as any negative

number. This results in EO being established as equal to

the energy of the right-most zone in the region. The

units of EO are jerks/megagram (1010 ergs/gm).

I, ¢I
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RSOURCE and ZSOURCE Cards

These cards specify an energy rate sink or source in a region

,(RSOURCE) or zone (ZSOURCE). The sink or source is a step function

with a maximum of six steps. The energy specified by each E=, TM=

pair is inserted into the region or zone until time = TM. Then the

next pair is used. The j's and r;s are the zone and region numbers

into which the energy is to be inserted. See subroutines RGSRFN

and ZNSRFN (p. 282) for sources or sinks which are not step functions.

The E is in MMEGMS (jks/meg/ms), viz, 10 ergs/gm/msec. In the

RAND version only, one can also input sources in CGS units (erg/gm/

sec). Sources are negative; sinks, positive.

BOUNDARY Cards

Boundary conditions for U,PE,T, and K may be specified at

either R-, or R jmax+k. These are introduced as step functions with

a maximum of six steps. The first value specified on the boundary

card is used until time equals the first TM, at which time the

second pair is used. If no TM is specified on the boundary card,

the valise of UPET or K specified will be used throughout the

-p-blem. MIN corresponds to a boundary condition -at j=- and MAX
0 n

to a boundary condition at j=jmaxcf . If % 0, U0 = 0 is assumed

for all n, and only a T_, boundary condition is permitted at j- .

COMBINATION Cards

Zones may be combined and new zones added at the right hand

boundary. This maintains a constant number of zones, but permits

the introduction of additional mass into the problem during execu-

tion. Zones are combined between j=jos and j=jom. The labels JS=

and JM= correspond to those two parameters, The first two zones to

be combined will be the zones j=joo+l and j=jo+2. If DR is positive,

it is the R of the zones to be added. If it is negative, its abso-

lute value is the percentage of R. which is to be used as the 6NR of

the zone to be added. Combination of zones begins when j reaches

jL which is input on the ZTEl'PERATURE card. Thus, as the shock

front moves to the right, zones will be added in front of it, and

zones behind the shock front will be combined.

-|. .-. ~ ~ -
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Another form of combination of zones is permitted. In this

case we have a pressure and density specified at the right hand

boundary of the problem. These are specified through the sub-

routines PBOUND and RBOUND (see p. 331, Sec. VI ). In this case

the shock front is moving left and it is desired to maintain the

boundary condition3 at a more or less constant Rjmax. Zones are

inserted at the right hand boundary when it is possible to insert

between R and R a zone of the same mass as the right-most
jmax jmax

zone, at the density specified by RBOUND. A zone will also be in-

serted if RIa < the DR specified in the COMBINATION card. In thisjmax-

case the added zone mass will be. exactly enough to make the new

Rjmax R max The flag indicating that the form of combination is

desired is a negative J whose absolute value is the total number of

zones to be permitted in the problem. JO, JOS, JOM have the same

meaning as in the previous case. Combining starts when j reaches

11 ~ zones. j will always equal j max in this case since all zones
must always be calculated, so Z2 must be chosen accordingly.

ZTEMPERATURE Card

Zones with temperatures greater than or equal to Z2 will be in-

cluded in the hydrodynamics calculation. Zones with temperatures

greater than or equal to Zl will be included in the radiation calcu-

lations. However hydrodynamic calculations will be done for all

zones which are included in the radiation calculations, i.e., j is

forced to be greater than j*. When Tj. is greater than or equal to i

Z2, i.e. when J = jL, combining and adding of zones is initiated.

JL= is the label for jZ. If this card is omitted, Zl=Z2=-l, and

jj=jmax+l, are assumed. For hydrodynamics-only problems Z2 may be

a velocity rather than a temperature. Zone j is included in the

calculation if Uj.1 > Z2. If this is chosen,deck JHTU must be used

instead of deck JHTT in both the Generator and Executor sections.

PERCENTS Card

The X's are convergence criteria with the exception of X5,which

is a control on the relative size of doubled zones.

XI is the convergence criterion for zones with > j j It

occurs in subroutine ROE. T is considered to have converged when

) -
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6 Tj < XI.Tj. (82)

X2 is the L convergence criterion in subroutine RDI. L is con-

sidered to have converged when

6 Lj < X2.L. (83),

X3 is the T convergence criterion in subroutine RDI. T is con-

sidered to have converged when

6 T. < X3.T.. (84)

X4 is the convergence criterion for T in subroutine GETVAR. T

is considered to have converged when

6 Tj < X4"T.. (85)

X5 is a limit on the relative size on doubled zones. Only

zones which meet the requirement

R - R X5*R^
jo2 jo < (86)

will be doubled.

X6 is the convergence criterion for E in ROA, ROAEXP and

ROAIMP. E is considered to have converged when

6 E. '< X6"E.. (87.)a - a

The suggested values for XI through X6 are:

Xl = .2 x 10 - 5

X2 = .8 x 10
"5

X3 = .4 x 10- 5

X4 = .2 x 10 - 5

X5 = .1

X6 = .2 Y 1o - 3

ENDATA Card

ENDATA must be the last card.



-119 -

0

Of..

f-m

0 ,o 

in:,

I-I | II I , I 'I

i-rn

00

VV 0 0

Weo in

n 0 0-

NO rn I3 43 43 C-43

0 n C- N P.10 - ~- - ~ C

(AU) 0 9,0

> I I0

N 0 " 0

I',3
0 4 -4 - - - - - - - - - - - - - - I I I 'I '

1 0 -- N N.N

ow o

H l >- -

a 0 cd d *d rnP 14L 1
0w .,.4 0 - V n

0-in to IAN - D a n y N .tlt

0 0 0 I



10 0 0

p- -

,

to9

#6 0 0
%noA

in a

W) 1N
le) la

if) -

%n9 0 0

40 ~~ 04I

i~n N V n

4p 't It

0 -0 ,

.0 HO w

0 G) .
to0 I 0L 4

IS0 44 W
on* an 91

W. - I f

on 
* 0eye -0 .,4 4

'-0 4 0

oo a 00 *d 0
04 0 0 10

N C 'A 34 U) 0 m
C4 *.. 0 *, -C. 0 N)

N- 0 l 4) 0

0 a 00

In U ;4 1() ~
-N 4 00 I 0 "N )1 4 1

,-4 "4 4-J

1I 04 04
0s~ci -4 r4.

om N E-- ID4 4
oID -4 U -4 44t 4

090 = 4 I
0 IV.

0 en
Oy-4 N

A



OO 'W

p-st

0 t.o C-4
0- 1 - -g I - -- - -

o %o Ic

r40. W-0 .z 03F0E4 94 14 i

-. t 0 0

0, 40 V4

'In in vi a I In I

OMV

o - - ---- - - -

%n 0 0 O

us aa ag

to z - *,- 0113~..

0 JL I

-A U W 0 ty

>4 mm 01

~/

•1 Mw a i .k . ( . .k . k .

In VS I,5
Cd CS- 0

in-4 -fn "4 "4

CC

~~~ 4.4I

l 1

Cv-4 NV

(Y41- C'j

4 1 10 r
V W4 Y 4 4 4J

41 -~ 5~.,415
~"4

4 0 4

0 t -- . . C
0 md

0J 04 H 0

0 - - . .- .



-0'

I~~~ 0 -)~~

04M 0 -AJ
0- a 60 a

41a 60. 4 a V4

a0 0
19, 04 41 0.

41p 0. 0.0

*04 14 0 U 1
"4 04 0~ -0 '1

-0 41 0 -#A C)v

01 41 X

41."4 " 0.
A' 414 N 41

eop.0 0 ~

We a -- *0w 4

0 a 4 0 00 a 144 ' 50M
Id 041 6

N~ 0 ai 0 4 Ok
41 "14 4 6b 41

41 3 AjI wo4

o'aA "4 41 U 65

a1 '41440

93 "4 0 V4

m40 041 A 44.
04 u 0 t V-9" 01 4

~ 6 0 411 -, 63 -A [0.4 '04 CLel
on-____________ 'A______ I -~



!7

-123-

RESTARTING WITH ALTERING OF ANY CONSTANTS K
It is possible to alter any of the constants without regenerat-

ing the problem. To do this 3, one takes advantage of the restart

option of the Generator section. Alteration of zone variables or

rezoning of the problem is not permitted however.

Restarting may be done from any cycle on the history tape.

The START card must be present for restarts. The problem will

be restarted from the first cycle with a cycle number greater than

or equal to NS or the last cycle on the tape if NS is very large.

NF must also be specified. NS may not be 0 for a restart. To re-

start from cycle 0 set NS to any negative number.

HISTORY EDIT, PRINT OUT, ENERGY EDIT. and TIME STEP cards

may be included as desired.

GEOMETRY, RMIN and EOS cards may not be included.

REGION cards may be included to alter Cl, C2, C3, C4, C5 and/or

EO, but no rezoning or redefining of zone variables is permitted.

The m on restart REGION cards is the region number of the region

being altered, not its material number. vj
ZONE cards will have no effect.

RSOURCE and ZSOURCE cards may be included. If, however, any

RSOURCE or ZSOURCE card is included, all the source cards of that 4.
particular type must be included, not just the one to be added or

altered.

BOUNDARY, COMBINATION, ZTEMPERATURE, and PERCENTS cards may be

included as desired. Only those constants or variables which are to

be altered need be specified.

The ENDATA card must be present.

EQUATION OF STATE (EOS) HANDLING

Equations of state may be either analytic or tabular or both.

There may be a maximum of six of either type. Those regions which

have materials whose equations of state are analytic must use material

numbers between 1000 and 1005 inclusive; those which have materials

whose equations of state are tabular must use material numbers be-

tween 0 and 5 inclusive.

*i.e., a possible total of 12 unique equations of state.

,,, .. . - .'.< y .1 -
71 ~
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Analytic equations of state are introduced through function

type subroutines with names FPI00x, FEIOOx and FKlOOx for P(TV),

E(TV) and K(TV) respectively where x is one of the integers 0,

1,... 5. Only subroutines with names corresponding to material

numbers 1000 through 1005 on REGION cards need be included. For

example, if the material number 1003 were assigned te - -rticular

region having an analytic equation of state, the fo,.a of the sub-

routine calculating P(TV) would be

1 8
$IBFTC FP1O03

FUNCTION FPI003 (T IV)
FP1003 = some expression using T and V
RETURN
END

and the form of the subroutines calculating E(T,V) and K(T,V) would

be similar. Problems with hydrodynamics only do not require the

K(T,V) function subroutine if IHYD on the START card is non-zero.

For problems with hydrodynamics only, a variation of analytic

equations is permitted. Instead of providing equations of state of

F the form P(T,V), E(TV) and K(TV), the two equations of state

P(E.,V) and T(EV) may be used. Regions with equations of state of

this form must use material numbers 2000, 2001, ..., 2005. The

function subroutine calculating P(EV) for a region with material

number 200x has the name FPlOOx, and the subroutine calculating

T(EV) has the name FElOOx.

For tabular equations of state it is assumed that a binary tape

has previously been prepared by TABCOE and is now mounted as FORTRAN

logical tape 8.

The T's, p's and interpolation oefficients for equations of

state with idno's specified by the EOS card are read into storage.

All storage which is not used by subroutines is automatically made

available for tables (RAND version only). All-FORTRAN users must

dimension their own values for C and LIMIT in GMA.CN.

If more storage space is required for equations of state and the

problem does not require 200 zones, more storage can be made avil-

able. See subroutine COMSIZ, page127. for this technique.

/ I
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GENERATE SECTION COMMONS AND INTEGER GROUP NOTES

C CN THE CONTINUATION CARD 9 OF COMMON /IKAIA/, LABELS FOR ****go**
C I ARE IN GENRAT, STREA0, REGNRD, ZONGEN AND PEX ONLY. RESTRT USES,
C 2 * AND **. ALL OTHER SUBROUTINES 0O NOT USE *, ** OR *** LAIELS.
C 3 LABELS DEFINED AS *aRMAX. $#uN. ***=IHYDo

THE FOLLOWING GROUPS OF CARDS SHOULD REPLACE THE COPMENTS CARDS
WHICH ARE USED IN THE LISTINGS FOR THE SUBROUTINES*

C THE COMMON /IKAI/ GROUP IS AS FOLLOWS

COMMON IIKAII CARD( 1Z),WLASDMVALEVALKVALPVALRHVALRVALTVAL,
1 UVALVVAL ,UZALIZAL ,DPZAL ,VZALRHZALPZALEZALKZAL ,DRFIELO4,
2 ERFLAGCYCSWNZONEtJCRIGRGNSWZNSWCZGETSWC1SWChC3SWCHC4SWC, J
3 DRSWCHEOSWCHtE SWCHJStwCHKSWCHMSWCHPS WCHRHSWCH ,RSWCHTSWCI,
4 USWCHYSWCHDRZWCHEZWCHKZWCHMZWCHPZWCHRHZWCH ,RZWCHTZWCH,
5 UZWCHVZWCHINQSWBDRYSWBTYPECOMSWZTEMSWPERCSW

C THE COMMON /IKAIA/ GROUP IS AS FOLLOWS

COMMON /IKAIAIERS(691O)t ES(6sIO), 7MRS16,1O), TMS16,1O)9 RS(IO),
1 JS(IC), NRS(1C)q NZS(IO), RRG(15), JREG(IS), C1415), C2(15)t
2 C3(15)9 CA(15)t CSIIS), EO(IS)t EMIN(6), EMAX(6)v KPIN(6),
3 KMAX16), PMIN(6)v PMAX(6hv TPIN(6), TPAX(6), UMIN(6), UNAXI6),
4TEMIN(6), TEMAX16), TKMIN(6), TKMAX(6), TPPIN(6)9 TPMAX46)s NKMAX,
5 TTMIN(6)v TTMAX(6)v TUPIN(6), TUMAX(6), NEMIN, NEPAX, NKMIN,
6 tPMIN, NPMAX, NTMIN, NTMAX, NUMIN, NUMAX, hRSRCE, NZSRCE,
7 JO, JOS, JOH, CRC, Z19 Z2, JI, Xl, X29 X39 X4, X5, X6, NSNF,
6 UNCGS, UNMKS, TM, DT, DTP, JSTAR, JHAT, JPAX, DELTA, REGNO, JZ,
9 NREG9 NEOS, RMlN,*qs#,***

C THE COPMON /IKA1B/ GROUP IS AS FOLLOWS

COMMON /IKA1ID NDH(6)9 NHC46), DTH(6), CIYi(6)t NOF(6)9 NPC(619
1 DTPR(6), CTP46), NOCK(6)v NCKC16), DTCK461, CTCK(6)

C INTEGER GROUP IS AS FOLLOWS

INTEGER FIELDNERFLAGCYCSWRGNSWZNSWCZGETSWCISCHC3SWCHi,
1 C4SWCIIDRSWCHEOSWCH, ESWCH, PS WCHRHS WCHitS WCHTSWCHUSWCH ,YSWCH,
2 EZWCH, PlWC~i4,HZWCHTZWCHUZWCHVZ WCHZNQSWBCRYSW ,BTYPECOMSW,
3 ZTEMSWPERCSWDELTAREGN4OUNCGSUNPKS
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SUBROUTINE DESCRIPTION

1. COMSI

2. HOLWD

3. GMAIN

4. GENRATj

5. STREAD

6. RESTRT

7. CYCRED

8. TMR.EAD

V/9. UNTRED

10. GEOM

11. RHMEAD

12. EOSNRD

13. REOST

14. REGNRD

15. ZNGET

16. GRIDGN

17. ZONGEN

18. PEK

19. FINDC

*120. ANEOS
21. Fploox

22. FElOOK

23. FKIOOx

24. GETVAR

25. GTVRTB

26. GETTV

27. SOURCE

28. BOUND

29. COMB ~

30. TMPRD

31. JilT

32. PERO

V33. GETLAB
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/34. CONVRT

V35. CHGWD ,

36. IKAERR

37. ALIBI
Check on left at number means deck is not present in FORTRAN version.

The above is a list of the decks which compose the Generator

section of HAROLD. The list also indicates the hierarchy of the

subroutines in that those routines to the left call those to the

right of and inmdiately below them. GETLAB, CONVRT and CHGWD are

called by several of the subroutines, and PEK is used by more sub-

routines than ZONGEN. The order of subroutines in the deck is not

important with the following exceptions: COMSIZ and HOLWD should

come first and ALIBI should be last.

Since common statements for most of the subroutines are quite

similar, we have replaced them in the listings by comment cards which

indicate common groups. The instructions following the subroutine

listings describe the necessary common groups to be included in each

case.

1. COMSIZ

COMSIZ exists to give the user control over the amount of j
storage devoted to zone variables. SIZE is a name in COMSIZ which

is defined as follows:

SIZE EQU 202

This EQU pseudo operation results in all zone variables being

dimensioned 202, which permits 200 zones (storage must be allowed

for boundary conditions at J=- and jsjmax+k). If more storage space

is required for equations of state and the problem does not have 200

zones, SIZE may be equivalenced to the number of zones in the problem

plus two. 170 storage cells are saved by reducing the value of SIZE

by ten.

This subroutine must occur first in the Generator deck as it

defines the size of the control sections for zone variables. All

other subroutines have dummy control sections dimensioned 1.

%"a
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$IBFTC COSIZG

SUBROUTINE COMSIL
COMMON IRCI K(202)
COMMON /UC/ U(202)

COMMON /TEMC/ TEM1202)
COMMON /T&MC/ TAM(2O2)
COMMON /VLC/ VL(202)
COMMON /PRC/ PR{?2)
COMMON /EGC/ EG(202)
COMMON /KPC/ KP(202)
COMMON /KMC/ KM(202)
COMMON /DMASSC/ DMASS(202)
COMMON /DMESSC/ DMESS(202)
COMMON /TEMSQC/ TEMSQ(202)
COMMON /TEM3C/ TEM3(202)
COMMON /TEM4C/ TFM4(202)
COMMON /KOMC/ KDM(202)
COMMON /ELC/ EL(202)
COMMON /MATC/ MAT(202)
COMMON /OC/ C(202)
END

2. HOLWD

HOLWD is a deck of labelled COMMONS containing BCD words

necessary for interpretation of input card labels. It must be loaded

second so that the COMMONS will be properly established. It is

never called.

SIHFTC HOLWD REF-

SUBROUTINE HOLWD
COMMON /PNTB/ PRINTB
COMMON /IZURC/ ZSOURC
COMMON /RURC/ RSOURC
COMMON /ERGY/ ENERGY
COMMON /TFBS/ TIMEBS
COMMON /UTS81/ UNTSB
COMMON IPNEB/ PLANEB
COMMON /CIND/ CYLIND
COMMON IZEBB/ ZONEB8
COMMON /RION/ REGION
COMMON /SERI/ SPHERI
COMMON /STRB/ STARTB
COMMON /HTOR/ HISTOR
COMMON /D/ DTQ
COMMON /BYBB/ BDRYBH
COMMON /RNBR/ RMINBB

COMMON /RXBB/ RMAXBB
COMMON /CBIN/ COMBIN
COMMON /ZMPE/ ZTEMPE
COMMON /PCEN/ PERCEN
COMMON /EATA/ ENDATA
COMMON /BDEB/ 8RODEB

COMMON ICGBB/ CGSBBB
COMMON IMKBB/ MKSBBB
COMMON /NQ/ NSQNFQ
COMMON /NEQ/ NCE9NDEDTFCTE

-~
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COMMON IBLNK/ BLANK

COMMON IRQ/ REQ
COMMON /JQI JEQ

COMMON IVQI VEQ
COMMON /DRQ/ DREO

COMMON /TQI TEQ
COMMON /MQI MEQ
COMMON IRHQ/ RHEQ
COMMON /PQ/ PEQ
COMMON IEQI EEO
COMMON IKQI KEQ
COMMON /C1Q/ ClEQ
COMMON /C2QI C2EQ
COMMON IC3Q/ C3EO
COMMON /C4QI C4EQ
COMMON IC5QI CSEQ
COMMON IEOQI EOEQ
COMMON ITMQI TMEQ
COMMON IMNMX/ MINSBMAXBB
COMMON IX101 XIEQ
COMMON /X2Q/ X2EQ
COMMON IX3Q/ X3EO

COMMON /X40#' X4EQCOMMO /XSG X5E
COMMON IX5Q/ X5EQ

COMMON /IlQI ZlEQ
COMMON /Z2Q/ Z2EO

COMMON /JLQI ZJLEQ

COMMON /JMEQ/ ZJMEQ
COMMON IJSEQI LJOEQ
COMMON IJZEQ/ ZJSEQ
COMMON IESO/ EOS(7) 

.

DATA PRINTRI6HPRINT/
DATA ZSOURCI6XZSOURCI
DATA RSOURC/6HRSOURC/
DATA ENERGY/6HENERGY/
DATA TIMEBSI6HTIME S/

DATA UNITSO/6HUNdITS/
DATA PLANEB/6HPLANE/
DATA CYLIND/6HCYLIND/
DATA ZONESB6HZONE/
DATA REGION/6HREGION/
DATA SPHERI/6HSPHERI/
DATA STARTS/6HSTART /

DATA IISTOR/6t*IISTOR/
DATA DTQ/694DTs
DATA BDRYBB/6HBOUNDA/
DATA RM!NBS/6HRMIN
DATA RMAXBB/6HRMAX/
DATA COMBIN/6CMBIN/
DATA ZTEMPE/6IHlTEMPE/
DATA PERCEN/6t4PERCEN/
DATA ENDATA/6HENDATA/
DATA 8RODEB/6HMMEGMS/

DATA CGSB5B/6HCGS 1
DATA MKSBBP/6HMKS /

,~ 
Sot-
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DATA NSQNFQ/6HNSM t6HNF= /
DATA NCENDEDTECTE/6HNC= ,6HND= P6HDT= 96HCTt
DATA BLANK/6H /
DATA REQ/6HRz /
DATA JEQ/6HJz /
DATA VEQ/6HV= /
DATA DREQ/6HDRu /
DATA UEQ/6HU& /
DATA TEQ/6HT- I
DATA MEQ/6HM- /
DATA RHEQ/6HRH- 
DATA PEQ/6HP- /
DATA EEQ/6HE- /
DATA KEQ/6HK- /
DATA CLEO/6HCI* /
DATA C2EQ/6HC2= /
DATA C3EQ/6HC3- /
DATA C4EQ/6HC4a /
DATA C5EQ/6HCS /
DATA FOEQ/bHEOz /
DATA TMNEQ6HTM* /
DATA MINBBMAXB8/6HMIN ,6HMAX
DATA XEQE/6HX1= /
DATA X2EQ/6HX2 /
DATA X3EQ/6HX3* /
DATA XPEQ/6b0Xt /
DATA X5EQ/6HX5s /
DATA X6EQ/6HX6= /
DATA ZIEQ/6HZI=

DATA Z2EQ/6HZ2 /
DATA ZJLEQ/6HJL- /
DATA ZJSEQ/6HJS- /
DATA ZJOEQ/6HJOz /
DATA ZJMEQ/6HJM= /
DATA EOS(I)tEOS(2)EOS3)tEOS(4)tEOS(S)EOS(6)tEOS(7)/6HEOS
I 6HOu ,6Hl" 96H2= 96H3- 96H4= 96H5=
END

3A. GMAIN (All-FORTRAN version)

C and LIMIT are dimensioned for the number of cells required

for tabular equations of state being used.

3B. GMAIN (RAND version)

GMAIN is the deck in which execution of the Generator begins.

Tt is also the entry point for the Generator. It determines from

S.SLOC+4 the address of the first location not used by the program

and establishes this location as the first location of the tabular

IBM Systems Reference library form C28-6339, 1963, p. 59.

_____ rv~
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equation of state coefficient table. It also determines from S.SLOC+3

the number of cells required for I/0 buffers and from this it calcu-

lates the number of cells available for this coefficient table. This

number is stored as LIMIT.

$1BFTC GMAIN REF
DIMENSION C(2000)
LIMIT = 2000
CALL HOLWO
CALL GENRAT(C,LIVIT)
CALL EXIT
END

4. GENRAT (CLIKIT)

GENRAT is the min controlling routine of tIe Generator. It

calls subroutines for the reading and interpreting of input cards,
r

writes the generated problem on the history tape and prints.

$IBFTC GENRAT REF
SUBROUTINE GENRAT(CLIMIT)

C COMMON CARDS LAEELED /IKAI/,IIKAIA/ AND /IKAlB/ GROUPS AND
C I INTEGER CARD GROUP TO BE ^LACED HERE

REAL KVALt KZAL, KMIN, KMAX, KDMt KP, KM
COMMON /RC/ R(1)

COMMON /UC/ UCL)
COMMON' /TEMC/ TEm(1)
COMMON ITAMC/ TAM(1)
COMMON /VLC/ VL(i)
COMMON /PRC/ PR(I)
COMMON /EGC/ EG(I)
COMMON /KPCI KP(l)
COMMON, /KMC/ KM(l)
COMMON /DMASSC/ DMASS(1)
COMMON /DMESSC/ DMESS(M)
COMMON /TEMSQC/ TFMSQ(1)
COMMON /TEM3C/ TEM3(1)
COMMON /TEM4C/ TEM4(l)
COMMON /KDMC/ KDM(I)
COMMON IELC/ ELM )
COMMON /CKCOM/ CKY(15)

COMMON /MATC/ MAT(1)
COMMON /FOSCOM/ PEOS, IDEOS(6), IORDER(6), IBEGT(3,6)v DUM,
I IBEGV(3,6), IBEGC(3,6)
COMMON /STRB/ STARTU
COMMON /SUM2C / SUM2(15)

COMMON /FATA/ ENDATA
COMMON / QC / Q(1)
DIMENSIONw C{l)

WRITL (6,2)
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2 FORMAT ('Hl
READ, (593? NODoc

3 FORMAT (16)
IF (NODOC.EQ.O) GO TO 7
DO 6 I1l=1,NLOOC

READ (5,5) (CARD(I)vI=l,12)

5 FORMAT (12A6)I
6 WRITE (699) (CARD(I)tl=1912)
9 FORMAT (IH 912A6)
7 REAC(5,7025) (CARD(I)tI=1,1O)

7025 FORMAT (A6,F6.O,4(A3,EI2.6))
8 CALL STREAD

IF (NS.EQ.O) GO TO 20
CALL RESTRTk
Go in 25

?O NUMIN=O
NUMAX=O
NPM AX= 0
NPMIN=O
NEMIN=O
NEMAX=O
NKMAX=O
NKMIN=0
N TM AX=O
NTMIN=O

25 CALL CYCRE)
IF (CYCSW.NE.0) GO TO 28

j IF (NS.NE.0) GO TO 28
ERFLAG~l
WRITE (6,10)
WRITE (6,7025) (CARD(I)91=191O)

to FORMAT (IHO,47H GENRAT FRMTICJ MUST HAVE AN EDIT SPECIFICATION ~
111H WHEN NS=O. I

28 CALL TMREAD
CALL GEOM
CALL RMREAD
CALL EOSNRD(CiLIMIT)
ZGETSW = 3

30 CALL REGNRD(C)
CALL SOURCE
CALL BOUND
COMSW=O
CALL COMB~
ZTEMS W=0
CALL TPMPRD
PER CS W= j
CALL PERC

31 IF (CARD(1).EO.ENDATA) GO TO 50
ERFLAG 1
WRITE (6,1000)
WRITE (6,7025) (CARO(1),1=1,10)
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1000 FORMAT (lHO,37H GENRAT FRMT1000 ENDATA EXPECTED NOW I
READ 1507025) (CARO(1)91I=10)
GO TO 31

50 IFINS.GT.0) GO TO 49
MRal
~Jul

48 SUM2(IR)zO.
42 IF (EO(KR).GT.0.) GO TO 43I IF (EO(IR).LT.O.) GO TO 45

EZ=EG(J'i
GO TO 41(43 EZ*EO(!R)
GO TO 47

45 JEOaJREG(IR)+1
EZ= EG(JEO)

47 SUM2(IR)=SUM2(IR)4EZ*OMASS(J+ll
J=J+,
IF (J.LE.JREG(IR)) GO TO 42
IRIR4I
IF (IR.GT.NREG) GO TO 49
GO TO 48

49 .tZBJREG(NREG)+l
DO 41 Jm2vJ2

200 DELT=DELTA
215 IF (DELTA.GT.1) GO TO 218

D=R(J)-R(J-l)
GO TO 240

218 IF (DELTA.GT.2) GO 10 220
Dz(R1J)-.R(J-1) )*(R(J)+R(J-l))
GO TO 240

220 O.(R(J)-R(J-1))*(R(J)**2+R(J)*R(J-)+RJI)**2)p.:
240 VL(J)-D/DELT/DMASS(J)

41 CONTINUE
PRINT 7000

1000 FORMAT MOHiHISTORYS.)
IF(NOH(I).EQ.OJ GO TO 51
PRINT 700l,(NDH(I),NHC(I)qIzlq6)

7001 FORMAT(6H EVERY16,19H CYCLES UNTIL CYCLEI6)
GO TO 52

51 PRINT T002,(DTH(I)9CTH(1)j1zl,6)
7002 FORMAT(6H EVERYEI6.7913H MSECSo UNTILEl6.797H MSECS.)

52 PRINT 1003
1003 FORMAT(12HOPRINT OUTS.)

IF(NOP(l).EQ.0) GO TO 53
PRINT 7001,(NDP111APC( ),1*1,6)
GO TO 54

S3 PRINT 7002,(DTPR( I )CTP( I) ,I-16)
54 PRINT 7004

1004 FORMAT(15HOENERGY CHECKS.) 1
IF(N0CK(I).EQ.O) GO TO 55
PRINT 7001, (NDCK(IhtNCKCII)91-l,6)
GO TO 56
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55 PRINT 7002, fDTCK(I),CTCK(1)9I=1,6)
56 IF(NEMIN.EQ.0) GO TO 57

PRINT 70059(EMIN(I),TEMIN(lI),Im1NEMIN)
7005 FORMAT(2OHOEMIN BNDRY COND. E/IE16.7,6H INTILEi6.77H MSECS )I7006 FORMAT420HOKMIN BNDRY COND, Ku/(E16*796H UNTILEI6.7,7H MSECS.)
7007 FORMAT(2OHOPMIN 8NDRY COND. Pul(EI6.7,6H UNTILEI6.7,7H MSECS.)t
7008 FORMAT(2OHOTMIN ONDRY COND. To/(E16.796H UNTILEI6*7,7H MSECS )I
7009 FORMAT120HOUMIN SNORY CON~o tU/(E16.796H UNTILE16.7,7H MSECS.)
7010 FORMAT(2ONOEMAX ONORY COND. Eu/fE16.7t6H UNTILEI6.7,7H MSECS.)i
7011 FORMAT120HOKMAX SNORY COND. Ks/(E16.796H IJNTILEI6.797H MSECS.;
7012 FORMAT420HOPMAX ONDRY COND. Pw/(E16.?#6H UNTILE16.7,7H MSECS.)
7013 FORMArC2ONOTMAX ONDRY CONDO T=/(E16.7#6H UNTILE16.7,7H MSECS.)
7014 FORMAT(2OHOUMAX SNORY COND. Us/(E16.7,6H UNTILE16.797H MSECS.)

57 tINKMIN.EQ*0) GO TO 58
PRINT 7006d(KMIN(I),TKMINIIalNKMIN)

58 IF(NPMIN.EQ*0) GO TO 59
PRINT 7007,(PMIN(I),TPMIN(I),I1,1NPMIN)

59 IFINTMIN.EQ.O) GO TO 60
PRINT 7008,(TMIN(I),TrMIN(I),I-1,NTMINI

60 IF(NUMIN.EQ*O) GO TO 61
PRINT 70099(UMIN(I),TUMIN(I),I-1,NUMIN)

61 IF(NEMAX.EQ.O) GO TO 62
PRINT 7010,(EMAX(I),TEMAX(I),!-iNEM1AX)

62 IFINKMAX.EQ.O) GO TO 63
PRINT 7011,(KMAX(I),TKMAXII),I=1,NKMAX)

63 IF(NPMAXoEQ.0l GO TO 64
PRINT 7012t(PMAX(I),TPMAX(1),1INPMAX)

64 IF(NTMAX.EQ.0) GO TO 65.1 PRINT 70139(TMAX(I),TTMAX(I),IltNTMAX)
65 IF(NUMAX.EQ.0) GO TO 66

PRINT 7014,(UMAX(I),TUMAX(I),IalNUMAXI
66 PRINT 7015t RHIN

7015 FORMAT(6HORMINsE16.7)
GO TO (80981982)t DELTA

80 PRINT 7027
7027 FORMAT(16HOPLANE GEOMETRY.)

GO TO 83
81 PRINT 7028

7028 FORMAT(22HOCYLINDRICAL GEOMETRY.)
GO TO 83

82 PRINT 7029
7029 FORMAT(2OHOSPHERICAL GEOMETRY.)

83 1R1l

67 F(RGR)F. -GO TO 68

J2zJREG( IR)
J3-MAT(J2+1 ).1
J4=MAT(J2+1)
IF(MAT(J2+1).LT.1000) J4wlDEOS(J3)

PRINT 7016, IRtJ4rCI(IR),C2(IR),C3(IR)tC4(IR),C5(IR),EO(IR)



1016 FORO4AT47HOREGION1691OH, MATERIAL1l6H14 ClwE1Z.4,5H9 C~uE12o4,
1514, C3uf1Z.4,514, C4aEAZ.4954, C90EI2.4,514, EO.E1Z.4v14.)
PRINT loll,(JR(J.1),UIJ.1,tlEN(J*11,VLEJ4I),PR(J*11,EG(J4I),
IKPEJI),KNIJ411,DNASS(J*l),ELIJ.1),JaJlJ2)

1017 FORNATfIHO,1HJvGX924R ,1OX92HU ,9Xo4HTEN *6X,44VL #lX,414PR vex*
14HEC ,SX,4HKP ,SN,414KP ,7X,6HCNASS ,IX,2HEL/IlH 9I3,10E12*411

IFIIR*GT*19) GO TO 68
JIUJ2,1

G0 O 161
66 IFINASRCE*EQ.G) GO 1O 10

D0 69 IwlNRSmCE

49 PRINT 7023,RS(l),IERSIKtl),TNRSIKI),KalJ)
1023 FORNAT129HOSOURCE OR SINK IN REGION 13/

1 ON1 DELTA EuEiG.7926H X I.E-10 ERGSIKSEC. UNTILE16.797H MSECS.))
70 IFINZSRCE.eQ01 GO 1O 12

DO 71 lolWZSRCE
JSNZSII)

71 PRINT 70249 JSII)tfES1KtI)9TMSIK9I)vKwl9J)
1024 FORMAT(23HO30URCE 02 SINK IN ZONE 13/

I (IN4 DELTA 1EE6.1,214 X .ef-16 ERGS/NSEC. UNTILEl6*7,71 MSECS.)I
72 PRINT 1016, DIDTP

1016 FOXMAT(4NODTuEl6*7,64, DTPuE16*7tlH.l
PRINT 7019, J0,josjoptDRC

1019 FORNAT415MONASS ADD INFO*/4H J0a16q6Hv, J05mI6,6H9 JO~n.6y9H, DR.s

PRINT 7020, XltX2tX3tX4tXS0 X6
1020 FORNAMEO14OPERCENTSe/44 XI=EK2.4,SH, X2mEl2*4,SH, X3uE12o4,514, X4=

lE12.49SHt X~sEl24514 X60E1Z.4t1H.)
PRINT 70219 Z29JNATJL,11,JSTAR

1021 FORNAT(4H0Z2=El6*.7M#H JHA~al6,5I4, JLu16,5H, ZlwE14.7vGN9 JSTAA016
101M4.)
PRItT 1022, NF

1022 FORMAMM4ON~ul6l
IMIS.EQ.0) ANAXusR(JNAX,1)

WRITE 4121 NRE6,JNAXNRSRCENZSRCE ,NENINNENAXNKNINNKPAXNPNIN,
1 NPNAmNTNINNINAXNUNINtNUNAXDTOTPOELTA ,REGNONSNFJZDAC,
2 ZI,12,X1,X2,X3,X4,X5,X6,JOJCNJOSJLJSTARJNATIINCGSUNNKS,
3 THOMRINRMAl
JPAR 1sJNAX#2

WRITE 112) 1R411,U41),TEN4lI)TANII),VLi),UNPRi),UP,
I EVII),UNKP(I), KNII),ONASSII IDPESS(Ilt TEMSM1I)TEMMI),

WRITF(12) 4MRRG41iJREGII),C14 I)tC241),C31 I),C41)C541),EOII),
I CKYII),SUN2II),I.1,1S),NEOSIDEOS
WRITE 4121 1~4IH4)NPIP1)NC4)NK1)El4)

2 UNAXEI),TENIN.(I),TENAXEIIIKNIN(I ),IKNAX(I),TPNIN4i),TPP4AXII)t
3 TTNIN(I),TTNAXII),TUNIIINI),TUNAXti),DTH4I),CTHII),OTPR4I)tCTP(I),
4 DTCK4I)VCTCKlII,1u1,4)
WRITE (11 IERSIIK),ESEiK),TPRS(IK),TNS(IK),Iu1,6)tRSEK),
1 JSMO)NASMK),ZSE)tKa1,10)
Jw123496
WRITE 412) J

CALL EXIT
END
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GENRAT-

5VREAD CARD(l)V(I2'd A I

V46,NF, 1 4yo CAkCD(')= PRINT

VRIBLST AtO CTUA9T B"N~R

NEIMS O~ SIRS

NUMAX = 0

N M9 -0 3oms 4

NIMIR 0 ~IACM
hRTMAK 0JoJ .MD

PRIN OIIT 0 om

AlMA

J~AJ ATEMSWA6

FL I -I
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484

4-3I

h' X3(S+R~-I -

D: - I +

RVL *(Nit *0)

DO 09,T 2, J

PRNT'POBE 'rSCs:;'- -o'

E14I''NN'-N-I*-EDIT



-138

5. STREAD

STREAD reads and interprets the START card.t

SIEFTC STREAC REF
SIJBRCUTINE SrREAD

C COMMC CARDS LABELEC /IKA1/t/IKAlA/ AND /IKCAI1 GRCUPS ANC
C I INTEGER CARD GROUP TG BE PLACED HERE

REAL KYAL, KLAL9 KMIN, KPAX9 KDPI KPI KP
COMMON /STR8/ STARYB
C0MMCN /NQ/NSQtNFV
PEAL hSC,-NFO
IF ICARC(1).NE.STARTO) GO 70 10
M-~CARO (2)

%LAB-=CARD (3 )
5 If IWLAe.EQ.NSC) GO TO 3C

10 IF (FIELDN.NE.1) GO TC 20
15 IF (WLAB.EQ.NFC) GO TC 4C
20 WRITE 169100C)

WiRITE (6,7025) (CARD(I),I1910)
7025 FORMAT (A6,F6*OS,(A3,El2.6))
1CCC FURMAT (IHC,5CP STREAD FRMTLCCC THERE IS AN ERROR IN TPE 'STAR'

196H CARCO I
GC TO 60

30 IF (FIELDN.EC.1) NS-CAR0(4)
IF (FIELDN.EC.2) t4S-CARD(6)
IF (FIELDN*GT.1) GO TC 50
F IELCI4-2
%LAB=CARD(5)I Go TO i5

40 IF (FIELDN.EG.') NF=CARD(4)
IF IFIELDN.EC.2) NF-CARD(6)
IF (FIELON.EQ.2) GO TO 50
bWLAO-CARD(5)
FIELCN-2
CC TO 5

60 ERFLAG=1
5C RETURN
7C WR17E (69101C)

WRITE (697025)(CARD(II,Isl,1O)
1010 FORMAT (1HO,A1H STREAD FRPT1OIO FIRST CARC NOT 'START'. I

GC TC 6C
END

.ZILITPPTI7IU VL
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STREAD

START

FILO z~ I

VJL~f ;PLO



4*1 6"

-140-

6. RESTRT

RESTRT is called if NS is not equal to 0. It locates the first

history edit on the history tape with a cycle number greater than or

equal to NS, reads this history edit and backspaces over it. An NS

larger than any cycle in the history tape results in the last cycle

being read.

SIEFTC RESIRT REF
SLBRCUTINE RES7RT

C CC14MCN CARDS LABELED IIKA11911KAIAI AND /IKAIE/ GRCUPS ANC
C 1 INTEGER CARO GROUP TC eE PLACED 14ERE

REAL KVAL, KZALt KMIN9 KIAXt K009 KP, KV'
COPI'CN /RC/ R11)

CCt4MCN /UCI LM1

CCt'PCN /TEP'C/ TAE(1)
CCIMPCN /VL#C/ VTi)M

COI4PCN /PRC/ PR(1
CCMPICN /EGC/ EG(1
CCMPtCN /KPC/ KP(1
CCPFCN /KMC/ KMMl
COMMCN /OPASSC/ CMASS(1)
CCPPN /OPESSC/ CMESS(1
CCMMChi /TEPSCC/ TEPSCI1)I CCMP'CN /TEP3C/ TFP3(I)
CCMMGN /TEM'iC/ TEM',(1)
CCMPCN /KCPC/ KDbs(1)
CCPPCK /ELC/ ELM1
COPPCN /CKCCP/ CKY(15)

CCMPGN /MA1'C/ PAT(1
COPPMCN /SUM2C / SUP2115)
COIPCN / CC / Q(1)

CCMPCN /ECSCCP/ IPEOS, IfECS(6)t rURrER(6), IEECGT(3,6), UUM
1 IBECV(3,E), IFEGC(3,t)
I PEAC (12) J

eACKSPACE 12
JF(J.EC.123'i56) GO IC 1C

REAC (12) NREGJMAXNRSRCENZSRCENEINNEAXNKNNKAXNPPIN,
I NPMAXYrNTINNTMAXNLIPINIUAXCTOTPCELTAIREGNCNNFTJZCRC,
2 2hZ?, XIX2,X3,9XvX9XJC,JC,JCS,JL,JSTARJHAJLNCGStUNMKS,
3 TM,RPKIFRAX

IF(NS.EC.C) KFNFT
JMAX2=JMAX42

I EG(I),CUMKP' , KM(I),CPASS(T),DPESS(I)t TE10SC([)9TEMw3(I),
2 TEP' (I) ,KCP. ,,FL (I) ,CLtP ,1AT (1) ,C (I), I1 ,J1FX2)
REAC (12) (R'Q I ),JHEG( I),Cl(I) ,C2(T ),C3C IC4( I) C5(I ),E( I),



1 CKY(1 ),Std2(I ),1=1,1S),1$ECSTCE(.S
READ (12) (NCH- 1),Nt-.C(I)tNCP(I) ,NPC(1) ,NCCK(I),NCKC(I ),EPIN(1),
1 EMAX(1 ),KPIN(I) tKAX( I)IPP M(I) ),PIAX(1 I) 97 IN( I) ITPbAX M 9U IN([I)
2 LP-AXiIbTEMINdI ) 9TEPAX( I) ITKP IN M I TKMAX M)OPP IN(I) IT PFAX( I)
3 TTVIN( I), TIPAX( 1),TUPIIN(I),TLPA.X(1),OTIII),CTHI(1) CTPR(1),CTP(I),I
4, CTCK (1) CTCK( I) ,1=ltt)
READ (12) ((ERS(!,K)tES(1,:(),1I'S(1,K) ,TIS(IK),I=1,6),RS(K),
1 JS(C) ,rdKS(K) ,NZS(K) ,K=ltlC)

IF(K.GE.NS) CGC TO 1C
Go 7C I

1C CC 15 1=195
15 eACKSPhCE 12

RETLPN
E NE,

7. CYCRED

CYCRED reads and interprest the HISTORY EDIT, PRINT OUT, and

ENERGY EDIT cards.

siuFI CYCPEC R~EF
SUBRCLTINE CYCREC:

C CCMMCN CARDS LABELEC IIKA11911KAIAl AND /1KA1Fe/ GRCUPS ANC
C 1 INTEGER CARE GROU~P 7C bE PLACFC P-ERE '

REAL KVAL, KIAL, KMIN, KFPAXI KUI t(P, KP~'

CCMM"CN /PNWB/PPINTB I
CCMPCN /ERGY/EIKERGY
CCPII.CN /NEQ/NCENDECICJE
CCM~PCN /TEBS/ TIIEUS
CCMMCN/LTS8/ LNIISB
CCMt'CN /PNEi3/ PLANEF
CCPF~CN /CINC/ CYLINC
CCMMCN/SER 1/SPHER I
CCMPCN /Rhee/ RPIKBB
CCMMCN /ESC/ ECS
CCMMCN /RICN/ REGION
CCMPCN /ZEBB/ ZONEBB
CCPPCS /ZURC/ ZSCURC
CCMPCN /RURC/ RSCrLRC
CCMPCN /BYEB/ BCRYPO
CCMD'CN /CBIN/ COPOIN
C CM PC N /ZPPE/ ZTEPPE
CCIPPCN /PCEN/ PERCEN
CCPPCN IEATAI ENDATh
CCMPCN /ELNK/P.LANK
REAL KCEtNCE
1FCHVAT (A~tF6.C,4(A3,El2.6))
CYC Sl=C
READ (591) (CARNHI,1=1,IC)

R4
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5 IF (CARD(1).EQ.HISTOR) GO TO 40
IF (CARD(1).EQ.PRINTB) GO TO 290
IF (CARD(1).EQ.ENERGY) GO TO 340
IF (CYCSW.NE.O) GO TO 74
IF (NS.EQ.O) GO TO 30

24 IF 4CARDII).EQ.TIMEBS) GO TO 25
IF (CARD(I~oEQ.PLANEB) GO TO 25
IF (CARD(1).EQoCYLIND) GO TO 25
IF (CARD(1).EQ.SPHERI) GO TO 25
IF (CARD(1).EQ.RMINBB) GO TO 25
IFiCAROUl).EQ.EOS) GO TO 2S

IF (CARD(I).EQ.REGION) GO TO 25
IF (CARDI1).EQ.ZONEBS) GO TO 25
IF (CARO(1).EQ.ZSOURC) GO TO 25
IF (CARD(I).EQ.RSOURC) GO TO 25
IF (CARD(l)oEQ.BDRY88) GO TO 25
IF (CARD(l).EQ.COM8IN) GO TO 25
IF (CARD(l).EQ.LTEMPU GO TO 25
IF (CARD(l)oEQ.PERCEN) GO TO 25
IF (CARD(l).EQ.ENOATA) GO TO 25
ERFLAGxl

PRINT 1080
PRINT 1,(CARD(I)tIalt1O)

1080 FORMAT 11HO,30H CYCRED FRMT1O8O ILLEGAL CARD I
READ (5#1) ICARD(livi-1910)
WRITE (6,1) (CARD(I),Iu1,1O)
GO TO 5

25 RETURN
30 WRITE (6t1000)

WRITE (6,1) (CARD(I)tIu1,10)
1000 FORMAT (IHO,47H CYCRED FRMTIOOO HISTORYPRINT, OR ENERGY CHECK

119H EDIT EXPECTED NOW. I
ERFLAGmI.
GO TO 24

40 CYCSWw1
Ilal
NDH(1)=O

50 FIELDNal
WLAB=CARD( 3)

60 IF(WLAB.EQ.NDE.OR.WLABoEQ.DTE) GO TO 140
70 IF(WLAB.EO.NCE.OR.WLAB.EQoCTE) GO TO 200
80 IF (WLAB.NE.BLANK) GO TO 110

IF (II.LE.1) GO TO 120
90 READ (5,1) ICARD(I),I=1,10)

IF (CARD(I).EQ.BLANK) GO TO 100
IF (CARD(1).NE.HISTOR) GO TO 5
WRITE (6,1010)
WRITE (691) ICARD(I)tIwI,10)

1010 FORMAT (LHO,44H CYCRED FRMTIOIO MORE THAN ONE HISTORY EDIT ,

16H CARD. I
GO TO 90



100 11-11+1
GO TO 50

It0 ERFIAG-I
WRITE (691020)
WRITE 1691) (CARD(I)101910)

1020 FORMAT IIHO949H CYCRED FRNT1020 SECOND FIELD ON CARD IS NEITHER,
125*4 vNCalt INDul, NOR BLANK. I
GO TO 90

120 ERFLAG-I
WRITE (6,10301
WRITE (6,1l) (CARD(l),Ia1#1O)

1030 FORMAT (1HO,46H CYCRED FRNT1030 THE FIRST FIELD OF THE FIRST,
122*4 CARD CANNOT BE BLANK. I
GO TO 90

140 GO TO (150s,180*150,180),FIELDN
150 GO TO f160,290 e350)tCYCSW
160 IF (WLAO.EQ.DTE.AND.FIELON.EQ*1) DTHIII)sCARD(4)

IF (WLAB.EQ.DTE.AND*FIELONeEQ.3) DTH(tI)-CARD(S)
IF (WLAB.EQ.NDE.AND.FIELDN.EQ.1) NDH(II)- CARD(4)
IF (WLA8.EQ.NOE.AND.FIELON.EQ.31 NDHIII)w CARD(S

170 GO TO (175,180,177),FIELDN
175 FIELDN=2

ULAB=CARD(5) I
GO TO 60

177 FIEI.DN=4
WLAB-CARD (9)
GO TO 60

180 WRITE (6,1040)
WRITE (6,1) (CARD('.11:!^-) 1

1040 FORMAT (1*40,47*4 CYCRED FRMT1040 IN~rn' SHOULD BE IN EITHER THE 9
126H4 FIRST OR THE THIRD FIELD. I
ERFLAGu),
GO TO 90

200 GO Y(0 42109220,2109220,FIELDN
210 ERFLAGuI

WRITE (6,1050)
WRITE (6,1) (CARD(I),I191O)

1050 FORMAT (lHO,47H CYCRED FRMT1050 INC=' SHOULD BE IN EITHER THE 9
128H4 SECOND OR THE FOURTH FIELD. I
GO TO 90

220 GO TO (2309300v360)vCYCSW
230 IF (WLAB.EQ.NCE.AND.FIELDN.EQ.2) N4H(11)u CARD(6

IF fWLAB.EQ*NCEeAND.FIELDN.EQ.4) NHC(II)w CARDOM)
IF (WLAB.EQ.CTE.AND.FIEL0N.EQ.2) CTH(II)a CARDW6
IF (WLAB5EQ.CTE.AND*FIELDNEQ,4) CTH(II)m CARD(1O)

240 GO TO (2109245t2l0990)#FIELDN
245 11=11+1

WLABsCARD.( 7)
FIELDN=3
GO TO 60
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280 IF (CYCSW.EO.2) GO TO 330
CYCSW=2
11=1
NDP( 1)=0
GO TO 50

290 IF (WLA8.EQ.NDE.AND.FIELDNI:Q.1) NDP(Iflz CAROM4
IF (WLAB.EQ.NOE.ANO.FIELDN.EQ.3) NDP(I)s CAROM8
IF (WLAf.FQ.TE.AND.FIELON.EQ.1)DTPRIII)- CARD(4)
IF (WLAB.EQ.DTE.AND.FIELDN.EQ.3)DTPR(1I)- CARD(8)
GO TO 170

300 IF (WLAB.EQ.NCE.AND.FIELDN.EQ.2) NPC(11)= CARD(6)
IF (WLAB.EQ.NCE.AND.FIELDN.FO.4) NPC(II)z CARD(1O)
IF (WLAB.EQ.CTE.AND.FIELDN.EQ.2) CTP(11)s CARD(6)
IF (WLAB.EQ.CTE.AND.FIELDN.EQ.4) CTP(Ifl= CARDtIO)
GO Tn 240

330 ERFLAGIl
WRITE (6, 1060)
WRITr- (691) (CARD(I)91-191O)

1060 FORMAT (lH0,46H CYCRED FRMT1060 YOU HAVE MORE THAN ONE PRINT ,

110H EDITCARD. /)
READ (5,1) (CARD(I)9I=1910)
GO TO 5

340 IF (CYCSW.EQ.3) GO TO 390
CYCSW=3
11=1
NOCK( 11=0
GO TO050

350 IF (WLAB.EQ.DTE.AND.FIELDN.EQ.l)DTCK(II)= CARD(4)
IF (WLAB.FQ.DTE.AND.F[ELDN.EQ.3)DTCK(II )= CARD(8)
IF (WLAB.EQ.NDE.AN[D.FIELDN.FQ.1)NDCK(II )= CARD(4)
IF (WLAB.EQ.NDE.AND.F[ELDN.FQ.3)NDCK(II)= CARD(8)
GO TO 170

360 IF (WLAB.EQ.NCE.AND.FIELDN.FQ.?)NCKC(11I)= CARD(6)
IF (WLAB.EQ.NCE.AND.FIELDN.EQ.4)NCKC(II 1= CARD(10)
IF (WLAB.EQ.CTE.AND.FIELDN EQ.2)CTCK(II)= CARD(6)
IF (WLAB.EQ.CTE.ANO.FIELON.FQ.4)CTCK(1I)= CARD( 10)
GO TO 240

390 ERFLAG=.
WRITE (6,1070)
WRITE (691) (CARD(I)91=1,10)

1070 FORMAT (1HO,47H CYCRED FRMT1070 YOU HAVE MORE THAN ONE ENERGY
117H CHECK EDIT CARD. I
GO I'l 5
END
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CYCRED 2

"go

I
F EL-014 -111 D9,

cyv
290

CONVRT INT 146A C0,4 v i T W.
Ukb: LA COWVRT INYO.No 141DCK (11 40ya TO vrI4 (I NDP (11)

LAB; CONVeT INTO LA cjc)14,JKT IVATO LAb: CONYRT 410
D.T DTC.K (IT) VW4 14DIA (11) '11DT - " VTPR (TA

110
/' LaB FROM MOW*+ 6 ELD FIELD Al 11, 1!1 , I m

C A IM CA&Z (w

210
200

is let 13
WRITE

214-

IGO bo 3w
wi, 5b* (04011wTo YJ LA 5: CONVRT INTO L45: cov Rt INTO
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8. T~3AD

1TSZA5 reads and intwtpr*ts the TM8 STE? capd.

SIRFTC TMREAD REF
SUBROUTINE TMREAD

C COMMON CARDS LABELED /IKA1/ AND /IKAlA/ GROUPS TO BE PLACED HIERE

C INTEGER CARD GROUP TO BE PLACED HERE

REAL KVAL9 KZALt KMIN, KMAX, KDM, KP, KM

COMMON /DQ/DTQ
COMMON /BLNK/ BLANK
COMMON /TEBS/ TIMEBS
COMMON /UTSB/ UNITSB
COMMON /PNEB/ PLANEB
COMMON /CIND/CYLIND
COMMON /SERI/SPHERI
COMMON /RNBB/RMINBB
COMMON /ESO/ EOS
COMMON /R!ON/REGION
COMMON /ZEBB/ ZONEBB
COMMON /ZURC/ ZSOURC
COMMON /RURC/ RSOURC
COMMON /BYBB/ BDRYBB
COMMON /CBIN/ COMBIN
COMMON /ZMPE/ ZTEMPE
COMMON /PCEN/ PERCEN

COMMON /EATA/ ENDATA
5 IF (CARD(l).EQ.TIMEBS Go TO 20

IF (NS.NE.O) GO TO 10

WRITE (6,1) (CARD(I),11,1O0)
1000 FORMAT (1H0948H TMREAD FRMTIOOO TIME STEP DEFINITION REQUIRED,

111H1 WHEN NSO0.
ERFLAG~l
IF (CARD(l).EQ.PLANEB) GO TO 10

IF (CARD(l).EQ.CYL[ND) GO TO 10 I
IF (CARD(l).EQ.SPHERI) GO TO 10
IF (CARD(li.EQ.RMINBB) GO TO 10
IF (CARD(l).EQ.EOS) GO TO 10

IF (CARD(l).EQ.ZEGONB GO TO 10
IF (CARD(l).EQ.REGION) GO TO 10
IF (CARDil).EQ.ZSOURC) GO To 10
IF (CARD(l).EQ.RSOURC) GO TO 10

IF (CARO(1).EQ.BDRYBB) GO TO 10

IF (CARD(l).EQ.COMBIN) GO TO 10
IF (CARD(l).EQ.ZTEMPE) GO TO 10

IF (CARO(1).EQ.PERCEN) GO TO 10

IF (CARD(1).EQ.ENDATA) GO TO 10

ER FLAG=l
PRINT 1010

PRINT lt(CA D(1)9=1910
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1010 FORMAT llHOt3lH TMREAD FRMT1OIO ILLEGAL CARD I
READ 15,11 ICARD(I)I,1llOl

1 FORMAT (A6,F6.O,4(A3wE12.6))
GO TO 5

10 RETURN
20 FIELDNal
50 DT=CARD(4)

FIELDN=2
60 DTPxCARD(6)
30 READ (5#1) (CARD(I)IT=110)

GO TO 10
END

TMUAD

rAR

5
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9. UNTRED (RAND version only)

UNTRED reads and interprets the UNITS card. It is designed to

read M4EGMS, CGS or MKXS units, but the MKS logic is not in the rest

of the code yet. (Not a part of all-ORTRAN versions.)

UNTRED

SART2)RA E

CARD~C'Z (1)'))-*2E r

"MEISA(Io e,;0CA,

YC- r
Ii.ET_



10. G6 EO uaMinepet 5
4M rads nd itorpotsthe (E(MZT&Y card.

SIBFTC GEOM REF
SUBROUTINE GEOM

C COMMON CARDS LABELED /!KAl/ AND /IKALA/ GROUPS TO BE PLACED HFRE
C INTEGER CARD GROUP TO BE PLACED HERE

REAL KVAL, KZAL, KMIN, KMAX, KOM, KP, KM
COMMON /PNEB/PLANES
COMMON /CIND/CYLIND
COMMON /SER[/SPHERI
COMMON/RNBB/RMINBB
COMMON /ESO/ EQS
COMMON/RION/REGION
COMMON /ZEBB/ ZONEBB
COMMON /ZURC/ ZSOURC
COMMON /RURC/RSOURC
COMMON /BYBB/BDRYIB
COMMON /CBIN/COMAIN
COMMON /ZMPE/ZTEMPE
COMMON /PCEN/PERCEN
COMMON /EATA/ENDATA
INTEGER P IELDNERFLAGCYCSWUNCGSUNMKSDELTA

I FORMAT JA6t16t4fA3,El2.6))
5 IF (PLANEB.EQ.CARD(1) ) GO TO 20

IF (CARO(l).EQ.CYL[NO) GO TO 40
IF (CARD(1).EQ.SPHERl GO TO 60
IF (CARD(I).EQ.RMINBB) GO TO 7
IF(CARD(l).EQoEOS) GO TO 7
IF (CARDI1).EQ.REGION) GO TO 7
[F (CARD(l).EQ.ZONEBB) GO TO 7
IF (CARD(l).EQ.ZSOURC) GO TO 7
IF (CARDII).EQ*RSOJRC) GO TO 7
IF (CARD(1).EQF3DRYBB) GO TO 7
IF (CAPD(l).EQ.COMBIN) GO TO 7
IF (CARD(II.EQ.ZTEMPE) GO TO 7
[F (CARD(1).EQ.PERCEN) GO TO 7
[F (CARO(1).EQ.ENDATA) GO TO 7
ERFLAG=l
WRITE (6t1010)
WRITE (6,1) (CARD(I),!=lv10)

1010 FORMAT (lHO,38H GEOM FRMT1OLO UNRECOGNIZABLE CARD* I
READ (5,1) (CARD(1)9I=1,10)
GO TO 5

7 IF (NS.NE.O ) GO TO 8
DELTA-1

8 RETURN
10 DELTAsI

GO TO 35
20 IF (NS.EQ.O ) GO TO 10
30 ERFLAG~l

WRITE (6,1000)
WRITE (6,1) (CARD(I1bIz1,1O)

1000 FORMAT (1H0,50H GEOM FRMT1000 GEOMETRY CANNOT BE SPECIFIEDFO
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1,14H NONZEROCYL
35 READ 1501) 4CARD(I)#IsI910)

GO TO 8
40 IF (NS.NE.O ) GO TO 30

DELTA=2
GO TO 3S

60 IF INS.NE.O) GO TO 30
DELTA=3
GO T0 35
END

G3OK
691T

RITII

AISI0I
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11. RNREAD

RMREAD reads and interprets the RMIN card, if any.

$IEFTC RMREAD REF
SUBROUTINE RMREAD

C COMMON CARDS LABELED /IKAI/ AND /IKAIA/ GROUPS TO BE PLACED HERE

C INTEGER CARD GROUP TO BE PLACED HERE
REAL KVAL, KZAL9 KMIN9 KMAX, KD14, KP, KM
COMMON /RC/ R(I)
COMMON /RNBB/RMINBB
COMMON /ESO/ EOS
COMMCN /RION/ REGION
COMMON /ZEBR/ ZONEBB
COMMON /ZURC/ ZSOURC
COMMON /RURC/ RSOURC
COMMON /BYBB/ BDRYBB
COMMON /CBIN/ COMBIN
COMMON /ZMPE/ ZTEMPE
COMMON /PCEN/ PERCEN
COMMON /EATA/ ENDATA

I FORMAT (A6,F6.0,4(A3tE12.6))
10 IF (CARD(l).NERMINBB ) GO TO 35

IF (NS.EQ.O) GO TO 30
ERFLAG=l
WRITE (6,1000)
WRITE (6,l) (CARD(1),1=1,1O)

i. 1000 FORMAT (lHO,51H RMREAD FRMTIO00 RMIN SPECIFICATION WHEN NS NOT C.

I /)
25 READ (5,1) ICARD(I),I=1,1O)
26 RETURN
30 R(1)=CARD(4)

RMIN=R(1)
GO TO 25

40 IF (NS.EQ.O ) GO TO 45
GO TO 26

45 R(1)=O.
RPIN=O.
GO TP 26

35 IF(CARD(1).EO.EOS) GO TO 4C
IF (CARD(1).EQ.REGION) GO TC 40
IF (CARD(l).EQ.ZONEB) GO TO 40
IF (CARD(1).FQ.ZSOURC) GO TO 40
IF (CARD(I).EQ.RSOURC) GO TO 40
IF (CARO(l).EC.DORYBB) GO TO 4C
IF (CARD(1).EQ.COMBIN) GO TO 40
IF (CARD(1).FQ.ZTEMPE) GO TO 40
IF (CARD(l).EQ.PERCEN) GO TO 40
IF (CARD(1).FO.ENOATA) GO TO 40

ERFLAG=l
WRITE (6,1010)
WRITt (,1) (CARD(1),1=1,1O)

1010 FORMAT (IHO,30H RMREAD FRMT1OIO ILLEGAL CARD /)

REA) (5,) (CARD(1),1=1,1O)
GO TO 10
END

--
'4 • / - -""
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12. EOSNRD(C,LIMIT)

EOSNRD reads and interprets the EOS card. It transmits to REOST

the information necessary for inputting tne equation of state co-

efficients through the table IDEOS, IDEOSi contains the equation of

state identification number for material number i+l. For example,

let us say the first region of the problem was tabular aluminum and

that this region was assigned material number 5. The identification

number of aluminum is 513. Therefore IDEOS(6) = 513.

II8FTC EOSNRD REF
SUBROUTINE EOSNRD(CLIMIT)

C COMMON CARDS LABELED /IKAI/ AND /IKAIA/ GROUPS TO BE PLA(ED HE
C INTEGER CARD GROUP TO BE PLACFD HERE

REAL KVAL, KZAL, KMIN, KMAX, KOM, KP, KM
COMMON /EOSCOM/ MEOSj IDFOS(6)t IORDER(6), IBEGT(3,6), DUM,
I IBEGV(3,6)t IBEGC(3,6)
DIMENSION F(94, C(1)

COMMON /ESO/ FOSZERO,ONETWO,THREE,FOUR,FIVE
COMMON /RION/ REGION
COMMON /ZEBB/ ZONEBB
COMMON IIURC/ ZSOURC
COMMON /RURC/ RSOURC
COMMON /BYR/ BDRYBBI COMMON /CBIN/ COMBIN
COMMON /ZMPE/ ZTEMPE
COMMON /PCEN/ PERCEN
COMMON /EATA/ ENDATA
COMMON /BLNK/ BLANK

2 IF(CARD(1).NE.EOS) GO TO 50
MEOS=O

5 IF(CARO(1).EQ.EOS .OR,.CARD(1).EQ.BLANK) GO TO 10
CALL REOST(C,LIMIT)
RETURN

10 DO 40 1-1,4
IF (I.EQ.1) WLAB=CARD(3)
IF (I.EQ.2) WLAB=CARD(5)
IF (I.EQ.3) WLAB=CARD(7)
IF (I.EQ.4) WLAB=CARD(9)
IF(WLAB.EQ.BLANK) GO TO 41
FIELDN=I
IF{WLAB.EQ.ZERO) GO TO 20
IF(WLAB.EO.ONE) GO TO 21
IF(WLAA.EQ.TWO) GO TO 22
IF(WLAB.EQ.THREE) GO TO 23
IF(WLAB.EQ.FOUR) GO TO 24
IF(WLAB.EQ.FIVE) GO TO 25
WRITE (b,15) I
hRITE (6,1) (CARD(NI),NI=l,1O)



15 FORMAT (lH0,47H EOSNRD FRMT15 THE 911t H TH FIELD ON THIS
138H CARD CONTAINS AN UNACCEPTABLE NUMBER. I

GO TO 40
20 ISUBul

GO TO 30
21 ISUB -2

GO TO 30
22 ISU6 a 3

GO TO 30
23 ISUB v4

GO TO 30
24 ISUB -5

GO TO 30
25 ISUB z6
30 IF (I.EQ.1) IDEOS(ISUB)-CARD(4)

IF (l.EQ.2) IDEOS(ISUB)ZCARD(6
IF (I.EQ.3) IDEOS(ISUB)=CARD(8
IF (I.EQ.4) IDEOS(ISUB)uCARD(lO)
MEOSnMEOS+l

40 CONTINUE[
41 READ (5,1) (CARD(I),I1110)j

I FORMAT lA6,F6.0,4(A3,EI2,6))
GO TO 5

50 IF (CARD(1).EQ.REGION) RETURN
IF (CARD(l).EQ.ZONEBB) RETURN
IF (CARD(1).EOSZSOURC) RETURN
IF (CARD(1).EQ.RSOURC) RETURN
IF (CARD(l).EQ.BDRYBB) RETURN
IF (CARD(l).EQ.COM8IN) RETURN
IF (CARD(1).EO.ZTEMPE) RETURN
IF (CARD41lkEQ.PERCEN) RETURN
IF (CARD(1).EQ.ENDATA) RETURN
ERFLAG= I

WRITE (691000)
bRITE (6,1) (CARDII)tI-I,10)

1000 FORMAT (1H0930H EOSNRD FRMT1000 ILLEGAL CARD I
REAL' (5,1) (CARD(I),Iu1,10)
GO bO 2
END
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13. REOST(C ,LIMIT)

REOST reads the interpolation coefficients from the equation of

state tape prepared by TABCOE. The T's, p's and C's are stored in

the C array as follows:

T's for P of 1st eq. of state encountered on the tape

p's for P of 1st eq. of state encountered on the tape

C's for P of 1st eq. of state encountered on the tape

T's for E of ist eq. of state encountered on the tape

p's for E of Ist eq. of state encountered on the tape

C's for E of 1st eq. of state encountered on the tape

T's for K of 1st eq. of state encountered on the tape

p's for K of 1st eq. of state encountered on the tape

C's for K of Ist eq. of state encountered on the tape

T's for P of 2nd eq. of state encountered on the tape

C's for K of last eq. of state encountered on the tape

Four tables are constructed for locating numbers in the C table.

IORDER. contains the identification number of the ith equation of

state read from the tape. IBEGT(ij) contains the address of the

first T of the ith equation of the jth equation of state. i = 1, 2

or 3 for P, E and K respectively. IBEGV(i,j) and IBEGC(i,j) are

the first locations of the corresponding p and coefficient C.

$1BFTC REOST REF
SUBROUTINE REOSTIC,LIMIT)
COMMON /EOSCOM/ MEOS, IDEOS(6), IORDER(6), IBEGT(3,6)t DUM,
I IBEGV(3,6), IBEGC(3,)
DIMENSION F(9), C(I)
IF(MFOS.EQ.0) RETURN
REWIND 8
INO=O

15 IBEGT(1,1)=1
DO 110 IT=li00
READ(8) IEOS
IF(IEUS.GT.0 ) GO TO 10
PRINT 7000,INOMEOS

7000 FORMAT (56Hl REOST FRMT7000 CND OF EOS TAPE ENCOUNTERED. KC.
I24P. OF FOS FOUND AND READ = 14,30H NO. OF EOS NEEDED IN THIS JOB

IJ
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2 2H =14)

RETURN
10 BACKSPACE 8

READ (8) IEOSITA8NONOTStNOVS
BACKSPACE 8
00 18 1-1,6
IF(IEOS.EQ.IDEOSf I)) GO TO 20

18 CONTINUE
GO TO 100

20 INOxINO+l
IORDER(INO)- IEOS
DO 107 ITABIl,3
READ (8) IEOS9ITABNOvNOTS*NOVS
I8EGV( ITABINO)=IBEGT( ITABINO)+NOTS
ITCxIBEGT( ITABINO)
I TS I TC+I4OTS-1
I VCvmITIS+ I
IVS- IVC+NOVS-.
IF(IVS.GT.LIPIT) GO rO 999

READ (8) (C( I),IITC,ITS),(C(13,IIlVC,IVS)
C
C SKIP NEXT RECORD ON EQS TAPE
C

READ(8)
IBEGC(ITABINO) zIBEGV(ITABvINO)+NOVS
NOCT-NOTS/2
NOCVzNOVS/2
ITOTC= NOCT*9*NOCV
ICC - IBEGC(ITABINO)
ICS=ICC+ITOTC-1
IF(ICS.GT.LIMIT) GO TO 999

READ 18) IC(I)9IzICCICS)
IBEGT(ITAB+1,INO)u IBEGC( ITAB9INO)+ITOTC

107 CONTINUE
IF(INO.EQ.MEOS) GO TO 120
GO TO 110

C
C SKIP NEXT 12 RECORDS - TO BEGINNING OF NEXT EOS INFORMATION
C

100 00 105 ISKIP -1912
105 READ (8)
110 CONTINUE
120 REWIND 8

RETURN
999 PRINT 7001
7001 FORMAT (49H0 REOST FRMT7001 EQS TABLES REQUESTED EXCEED

I 19H AVAILABLE STORAGE.
CALL EXIT

END
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14. REGNRD

REGNRD reads and interprets the REGION and ZONE cards and

calls subroutines to generate the zone variables.

SIBF1C REGNRI REF
SUBROUTINE RFGNP.D(C)

C COMMON CARDS LABELED /IKAI/ AND /IKAIA/ GROUPS T0 BE PLACED HER
C INTEGER CARD GROUP TO BE PLACED HERE

REAL KVAL, KZAL, KMPJ, KMAX, KDM, KP, KM
COMMON /RC/ R(1)

COMMON /TEMC/ TEM(I)
COMMON /TAMC/ TAM(I)
COMMON /VIC/ VL(I)
COMMON /KPC/ KP(L)
COMMON /KMC/ KM(I)
COMMON /DMASSC/ DMASSM1
COMMON /DMESSC/ DMESS(I)
COMMON /TEMSQC/ TEMSQ(I)
COMMON ITEM3CI TEM3(1)
COMMON /TEM4C/ TEM4tI)
commON /KDMCI KDM(1)
COMMON /ELC/ ELMI
COMMON /MATC/ MAHI)
COMMON /EGC/ EGML

' ICOMMON /RION/REGION
COMMON /VQ/VEQ
COMMON /JQ/JEQ
COMMON /RQ/REO
COMMON /DRQ1DREO
COMMON /UQ/UF.Q
COMMON /TQ/TEQ
COMMON /MQ/MEQ
COMMON /RHQ/RHEO
COMMON /PQIPEQ
COMMON /EO/EEQ
COMMON /KQIKEQ
COMMON /ClQ/CIEO
COMMON /C20/C2EQ
COMMON /C30/C3EQ
COMMON /C4Q/C4EQ
COMMON /C5Q/C5EQ
COMMON /EOQ/FOEQ
COMMON /BLNK/BLANK
COMMON /ZEBB/LONEBB
REAL JEQ#KEQMEQ
DIMENSION CCl)

5 IF (CARD(1).EQ.REGO4) GO TO 20
IF(NS.EQ.O) GO TO 3
IF(CARO( l).NE.ZONERB) RETURN
PRINT 7000
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7000 FORMAT IIHO,45H REGNRD FRMT7000 ZONE CARD NOT PERMITTED FOR,
1 9f$ RESTART. /)
READ (5,1) (CARD(!),1-1,1O)
IFORMAT (A6,F6.O,4(A3#E12.6))
GO TO 5

3 IF (RGNSW.EQ.O) GO TO 10
GO TO 360

10 IF (NS.NE.0) GO TO 360
ERFLAGS 1
WRITE (691000)
WRITE (691) (CARD(I)tIsI,1O)

1000 FORMAT (1H0949H REGNRD FRM4TI000 MUST HAVE REGION CARD WH4EN NSaO/)
GO TO 360

20 RGNSW-1
ZNSWCxO

30 REGNOxREGNO+l
IF (REGNO.EQ.1) GO TO 32
JORIG=JREG( REGNO-1)
GO TO 35

32 JORIGO0
35 IF (ZNSWC.EQ.O) GO TO 40

NZONE-CARD (2)
38 TZWCH=0

MzWCII=0

VZWCHxO

UZWCH=O h
PZWCH-0
EZWCH=O
KZWCH=O
RSWCH=0
ORSWCH-0
GO TO 50

40 IFIREGNO.EQ.1) GO TO 42
IF(I2000.EQ.O) GO TO 42I
JI=.JREG(REGNO-2 )+2
J2=JREG(REGNO-1 )+1
IF(REGNO*EQ.2) J1=2
DO 41 IaJ1,J2
EL( I)=EG( I)
EG(1 )-TEM( I)
TEM(I)sEL(I)

41 EL(I)=0.
12000=0

42 NEOS = CARD(2) + .1
IFINEOS.LT*2000) GO TO 43
12000-1
NEOS=NEOS- 1000



43 JSWCH=O
ORSUCHU0
RSWCHZO
TSWCH=O
MSWCH=0
VSWCHZO
PSWCHsO
E SW C H0

USWCH=O
RHSWCH=O
CISWCH=Or
C 2SWCHu 0
C3SWCHw0
C4SWCHxO
C5SWCHaO
EOSWCH=O
KSWCHO0
IF(NS.NE.O) REGNO=NEOS

50 WLABwCARD(3)
FIELDN-1

55 IF (WLAB.NE.JEQ ) GO TO 70
IF (JSWCH.EQ.01 GO TO 60
ERFLAGxl
WRITE 16,1020)
WRITE (691) (CARD(1)91lttO)

1020 FORMAT (IHO,29H REGNRD FRMT1020 TWO JFIELDS I
GO TO 380

60 JSWCHa1
IF (ZPSWC.NE.0 ) GO TO 400
IF (FIELDN.EQ.1) JREG(REGNO)ZCARD( 4)
IF (FIELDN.EQ.2) JREG(REGNO)xCARD( 6)
IF (FIELDN*EQ.3) JREG(REGNO)=CARD( 8)
IF (FIELDN.EQ.4) JREG(REGNO)=CARD(1O)
GD TO 390

70 IF (WLAB.NE.REQ) GO TO 90
IF (RSWCH.EQ.0) GO TO 80
ERFIAG- 1
WRITE (6,1030)
WRITE (691) (CARD(I)tI=ltlo)

1030 FORMAT (IH0,44H REGNRD FRMT1030 THERE ARE TWO 'Ru' FIELDS. I
GO TO 390

80 RSWCHal
IF (ZNSWC.NE.0) GO TO 410
IF (FIELDN.EQ.1) RYAL*CARDI 4)
IF (FIELDN.EQ.2) RVAL=CARD( 6)
IF (FIELDN.EQ.3) RVALmCARD( 8)
IF (FIELON.EQ.4) RVAL-CARD(1O)
GO TO 390

90 IF (WLAB.NE.DREQ) GO TO 110
IF (DRSWCH.EQ.0) GO TO 100
ERFLAG= 1
WRITE (6,1040)

WRITE (6,1) (CARD(I),I=l,10)
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1040 FORMAT (114094914 REGNRD FRMT1040 THERE ARE TWO Dik FIELDS ON THIS,
I 6H4 CARD. I
GO TO 390

100 ORSWCHR1
IF (FIELON.EQ.1) DRzCARDt 4)
IF (FIELON.EQ.2) DRUCARDI 6)
IF (FIELDN.EQ.3) DRsCARDI 8)
IF (FIELDN.EQo4) DR-CARD( 10)
GO TO 390

110 IF IWLAB.NE.IJEQ) GO TO 130
IF (ZNSWC.NE.0) GO TO 420
IF IUSWCI4.EQ.0) GO TO 120
ERFLAG-1
WRITE (691050)
WRITE 16,1) (CARD(IlIal,1O)

1050 FORMAT (1140,4814 REGNRD FRMT1050 TWO VELOCITY SPECIFICATIONS ON ,

116H4 FOLLOWING CARD.-I
GO TO 390

120 USWCHS1
IF (FIELON.EQ.1) UVAL-CARDC 4)
IF (FIELDN.EQ.Z) UVAL-CARD( 6)
IF (FIELDN.EQ.3) UVAL*CARDI 8)
IF (FIELDN*EQ44) UVAL=CARO( 10)
GO TO 390

130 IF (WLAB.NE.TEQ) GO TO 150
IF (ZNSWC.NE.0) GO TO 430
IF (TSWCH.EQ.0) GO TO 140
ERFLAG- 1
WRITE (6,1060)
WRITE (6,1) (CARO(I),1u1,10)

1060 FORMAT 11H0,494 REGNRO FRMT1060 MORE THAN ONE TEM4PERATURE FIELD/)
GO TO 390

140 IF(12000,NE.0) GO TO 241

141 TSWCHal
IF (FIELDN.EQ.1) TVALmCARD( 41
IF (FIELDN.EQ.2) TVAL*CARD( 6)
IF (FIELDN.EQ.3) TVAL=CARD( 8)
IF (FIELDN.EQ.4) TVAL=CARD(1O)
GO TO 390

150 IF (WLAB.NE.MEQ) GO TO 110
IF (LNSWC.NE.0) GO TO 450
IF (MSWCH.NE.0) GO TO 160
MS WCHz I
IF (FIELDN.EQ.1) DMVAL&CARO( 4)
IF (FIELDN.EQ.2) DMVAL=CARD( 6)
IF (FIELDN.EQ.3) DMVALmCARD( 8)
IF (FIELDN.EQ.4) DMVAL=CARD( 10)
GO TO 390

160 ERFLAGwI
WRITE (6,1070)
WRITE (6,1) (CARD(I)PI=1,10)
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1070 FORMAT (lHO,5lH REGNRD FRMT1070 MORE THAN ONE MASS SPECIFICATION.
1 /)
GO TO 390

170 IF (WLA8.NE.VEQ) GO TO 190
IF (ZNSWC.NE.0) GO TO 470
IF (VSWCH.EQ.O) GO TO 180
ERFIAG-1
WRITE (6,IOCO)
WRITE (691) (CARD(IbI-1O1)

1080 FORMAT (1H0948H REGNRD FRMT1080 MORE THAN4 ONE SPECIFIC VOLUME. I
GO TO 390

180 VSWCH-1
IF (FIELDN.EQ.1) VVAL-CARO( 4)
IF (FIELDN.EQ.2) VVAL=CARD( 6)
IF (FIELDN.EQ.3) VVALzCARD( 8)
IF (FIELDN.EQ.4) VV4L-CARD(1O)
GO TO 390

190 IF (WLA8.NERHEQ) GO TO 210
IF (ZNSWC.NE.0) GO TO 490
IF (RHSWCH.EQ.O) GO JO 200
ERFLAG-1
WRITE (691090)
WRITE (6,1) (CARO(I)tI-1)

1090 FORMAT (IHO,39H REGNRD FRMT1090 MORE THAN ONE DENSITY
1,15H SPECIFICATION. I
GO TO 390

200 RHSWCHul
IF (FIELDN.EQ.1) RHVAL-CARD( 4)
IF (FIELDN.EQ.2) RHVAL=CARD( 6)
IF (FIELDN.EQ.3) RHVAL=CARD( 8)
IF (FIELDN.EQ.4) RHVAL-CARD(10)
GO TO 390

210 IF (WLAB.NE.PEQ) GO TO 230
IF (ZNSWC.NE.O) GO TO 510
IF (PSWCH.EQ.O) GO TO 220
ERFLAG~ 1
WRITE (6,1100)
WRITE (6,1) (CARD(I)tIzl)

1100 FORMAT (IHO,40H REGNRD FRMT1IOO MORE THAN ONE P FIELD. I
GO TO 390

220 PSWCH-1
IF (FIELDN*EQ.t) PVAL-CARD( 4)
IF (FIELDN.EQ.2) PVAL-CARO( 6)
IF (FIELDN.EQ.3) PVAL-CARD( 8)
IF (FIELDN.EQ.4) PVAL-CARD(10)
GO TO 390

230 IF IWLAB.NE.EEQ) GO TU 250
IF (ZNSWC.NE.O) GO TO 530
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IF (ESWCH.EQ.0) GO TU 240
ERFLAGxl
WRITE (6,1110)
WRITE (691) (CARD(I),IwIjlO)

1110 FORMAT IHO,45H REGNRD FRMTI11O MORE THAN ONE ENERGY FIELD. /)
GO TO 390

240 IF(I2000.NE.O) GO TO 141
241 ESWCH-I

IF (FIELDN.EQ.1) EVALmCARD( 4)
IF (FIELON.EQ.2) EVALxCARD( 6)
IF (FIELDN.EQ.3) EVALxCARDI 8)
IF (FIELDN.EQ.4) EVAL=CARD(1O)
GO TO 390

250 IF (WLA8.NE.KEQ) GO TO 270
IF (ZNSWC.NE.0) GO TO 550
IF (KSWCH.EQ.0) GO TO 260
ERFLAGxl
WRITE (6,1120)
WRITE (6,0) (CARD(I),I-IlO)

1120 FORMAT (IHOt40H REGNRD FRMT1I20 MORE THAN ONE K FIELD. /)
GO TO 390

260 KSWCH-
IF (FIELDN.EO.I) KVAL-CARD( 4)
IF (FIELDN.EQ.2) KVALzCARD( 6)
IF (FIELDN.EQ.3) KVAL=CARD( 8)
IF (FIELDN.EQ.4) KVAL=CARD(IO)
GO TO 390

270 IF(WLAB.NE.C1EQ) GO TO 2900 I
IF (CISWCH.EQ.O) GO TO 280
ERFLAG=1
WRITE (6,1130)
WRITE (691) (CARD(1),IztlO)

1130 FORMAT (IHO941H REGNRD FRMTI130 MORE THAN ONE Cl FIELD. I)
IF (ZNSWC.EQ.0) GO TO 390

275 ERFLAG-I
WRITE (6t1140)
WRITE (691) (CARD(I)tI=z1tO)

1140 FORMAT (1HOt44H REGNRD FRMTI40 A CI FIELD ON A ZONE CARD, I)
GO TO 390

280 CISWCH=1 L
IF (ZNSWC.NE.0) GO TO 275
IF (FIELDN.EQ.1) CI(REGNO)zCARO( 4)
IF (FIELDN.EQ.2) Cl(REGNO)=CARD( 6)
IF (FIELDN.EQ.3) CI(REGNO)=CARD( 8)
IF (FIELDN.EQ.4) CI(REGNO)=CARD(1O)
GO TO 390

2900 IF(WLAB.NE.C2EQ) GO TO 290
IF(C2SWCH.EQ.0) GO TO 3000
ERFLAGxl
WRITE (6,11500)
WRITE 6,1) (CARD(I),I-I10)

11500 FORMAT (IHO,41H REGNRD FRMT1I500 MORE THAN ONE C2 FIELD. 1
IF(ZNSWC.EQ.0) GO TO 390

2950 ERFLAG-l
WRITE (6,11600)
WRITE (6,1) (CARD(I)9IIl10)

11600 FORMAT (lHO,49H REGNRD FRMT1I600 C2 FIELD APPEARS ON A ZONE CARD/)



GO TO 390
3000 C2SWCHwI

IF(ZNSWC.NE.O) GO TO 2950
IF (FIELDN.EQ-l) C2(REGNO)-CARD( 4)
IF IFIELDN.EQ.2) C2(REGNO)wCARO( 6)
IF (FIELONEQ.3) C2(REGNO)=CARD( 8)
IF (FIELDN.EQ.4) C2(REGNO)mCARD(I0)
GO TO 390

290 IF (WLA6,NE.C3EQ) GO TO 310
IF (C3SWCH.EQ.0) GO TO 300
ERFLAG-I
WRITE (6,1150)
WRITE (691) (CARD(I),Iw1,10)

1150 FORMAT (IHO,41H REGNRD FRMT1150 MORE THAN ONE C3 FIELD.*I
IF (ZNSWC.EQ.O) GO TO 390

295 ERFIAGaI
WRITE (6,1160)
WRITE (6,1) (CARD(I),Il,10l)

1160 FORMAT (1H0,49H REGNRD FRMTI160 C3 FIELD APPEARS ON A ZONE CARO/
GO TO 390

300 C3SWCHs1
IF (ZNSWC.NE.0) GO TO 295
IF (FIELDN.EQ.1) C3(REGNO)=CARD( 4)
IF (FIELDN.EQ.2) C3(REGNO)=CARD( 6)
IF (FIEIDN.EQ.3) C3(REGNO)uCARD( 8)
IF (FIELON.EQ.4) C31REGNO)=CARO( 10)
GO TO 390

310 IF(WLA8.NE.C4EQ) GO TO 3300
IF (C4SWCH.EQ*0) GO TO 320
ERFL AG-i
WRITE (691170)
WRITE (6,1) (CARD(!)9I1110)

1170 FORMAT (IHO,41H REGNRD FRMT1170 MORE THAN ONE C4 FIELD. I
IF (LNSW#C.EQ.0) GO TO 390

315 ERFLAG=I
WRITE (6,1180)
WRITE (6,1) (CARD(I)tIlldO)

1180 FORMAT (IHO,49H REGNRD FRMT118O C4 FIELD APPEARS ON A ZONE CARDl
GO TO 390

320 C4SWCHuI
IF (ZNSWC.NE.0) GO TO 315
IF (FIELDN.EQ.1) C4(REGNO)=CARD( 4)
IF (FIELDN.EQ.2) C4(REGNO)=CARD( 6)
IF (FIELDN.EQ.3) C4(REGNO)=CARD( 8)
IF (FIELDN.EQ.4) C4(REGNO)wCARD(1O)
GO TO 390

3300 IF(WLAB.NE.C5EQ) GO TO 330
IF(C5SWCH.EQ.0) GO TO 3400
ERFI AG-I
WRITE 16,11900)
WRITE (6,1) (CARD(I)tI-1110)

11900 FORMAT (lHO941HREGNRD FRMT11900 MORE THAN ONE CS FIELD. I
IF(ZNSWC.EQ.O) GO TO 390

3350 ERFLAG1l
WRITE (6,12000)
WRITE (6,1) (CARD(I)tI-1,1Ol

12000 FORMAT (IHO,49H REGNRD FRMT12000 C5 FIELD APPEARS OPV A ZONE AM
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GO TO 390
3400 C5SWCH-I

IF(LNSWC.NE.O) GO TO 3350
IF (FIELDN.EQ.1) C5(REGNO)-CARD( 4)
IF IFIELDNEQ.2) C5(REGNO)-CARD( 6)
IF (FIELDN.EQ.3) C5(REGNO)*CARD( 8)
IF (FIELDN.EQ.4) CS(REGNO)=CARD(10)
GO TO 390

330 IF (WLAB.NE.EOEQ) GO TO 350
IF (EOSWCH.EO.O) GO TO 340

ERFLAG-I
WRITE (6,1190)
WRITE (601) (CARD(I),Il-,1O)

1190 FORMAT (IHO,42H REGNRD FRMTII9O MORE THAN ONE EO FIELD o I)
IF (ZNSWC.EQ.O) GO TO 390

335 ERFLAG=l
WRITE (6,1200)
WRITE (691) (CARD(I)#1,110)

1200 FORMAT (IHO,48H REGNRD FRMT1200 EO FIELD APPEARS ON ZONE CARD. I)
GO TO 390

340 EOSWCH-1
IF (ZNSWC.NE.O) GO TO 335
IF (FIELDN.EO.I) EO(REGNO)zCARD( 4)
IF (FIELDN.EQ.2) tO(REGNO)=CARD( 6)
IF (FIELDN.EQ.3) EO(REGNO)=CARD( 8)
IF (FIELDN.EQ.4) EO(REGNO)zCARD(10)
GO TO 390

350 IF (WLAO.EQ.BLANK) GO TO 570
ERFLAG-I
WRITE (691210)
WRITE (611) (CARD(1)il,1910)

1210 FORMAT tlHO,49H REGNRD FRMTI210 ILLEGAL BCD LABEL ON THIS CARD./)
GO TO 390

360 ZNSWC0
IF (CARD(l).NE.ZONEeB) GO TO 590
ZNSWC1l

370 IF (RGNSW.NE.0) GO TO 35
WRITE (6,1220)
WRITE (6,1) (CARD(I),I-1,10)

1220 FORMAT (1HOt46H REGNRD FRMT1220 THE FOLLOWING CARD SHOULD BE
1#27H PRECEDED BY A REGION CARD. I)
ERFLAG-L
GO TO 35

380 IF (ZNSWC.NE.0) GO TO 400
390 GO TO 1640t65096609670)vFIELDN
400 ERFLAG-1

WRITE (6,1230)
WRITE (6,1) (CARD(I)sI-110)

1230 FORMAT (lHO,49H REGNRD FRMTI230 A J FIELD APPEARS ON ZONE CARD./)
GO TO 390

410 IF (FIELDN.EQ.l) RVAL-CARO( 4)
IF (FIELDN.EQ.2) RVAL=CARD( 6)
IF (FIELDN.EQ.3) RVAL-CARD( 8)
IF (FIELDN.EQ.4) RVAL-CARD(10)
GO TO 390

420 IF (UZWCH.EQ.0) GO TO 425
ERFLAG=1



WRITE (691240)
WRITE (691) (CARD(I)tIult10)

1240 FORMAT (IHO,42H REGNRD FRMT1240 TWO U FIELDS FOR A ZONE.*/
GO TO 390

425 UZWCH-1
IF (FIELON.EQ.1) UZAL-CARD( 41
IF (FIELDN.EQ.2) UZAL-CARD( 6)
IF (FIELDN.EQ.3) UZAL-CARD( 8)
IF (FIELDN.EQ.4) UZAL-CARD(IO)
GO TO 390

430 IF (TZWCH.EQ.O) GO TO 440
ERFLAG= 1
WRITE (691250)
WRITE (6,1) (CARD(I)tInl,1O)

1250 FORMAT (lHo,4qH REGNRD FRMT1250 M'ORE THAN ONE T FIELD FOR ZONE./
GO TO 390

440 IF (12000.NE.0) G" TO 541
441 TZWCH-1

IF (FIELDN.EQ.1) TZAL-CARD( 4)
IF IFIELDN.EQ.2) TZAL=CARD( 6)
IF (FIELDN.EQ.3) TZAL-CARD( 8)
IF (FIELDN.EQ.4) TZAL=CARD(10)
GO TO 390

450 IF (MZWCH.EO.0) GO TO 460
ERFLAG-1
WRITE (691260)
WRITE (6,1) (CARD(1)91ul,10)

1260 FORMAT (1110,49)1 REGNRD FRMT1260 MORE THAN ONE M FIELD FOR ZONE-/
GO TO 390

460 MZWCH-1
IF (FIELDN.EQ.1) DMZAL-CARD( 4)
IF (FIELDN.EQ.2) DMZALuCARD( 6)
IF (FIELDN.EQ.3) OMZAL-CAROC 8)
IF (FIELDN.EQ.4) DMZAL-CARD(10)
GO TO 390

470 IF (VZWCH.EQ.0) GO TO 480
ERFIAG- I
WRITE (691270)
WRITE (691) (CARD(I)vI-ltl0)

1270 FORMAT (lH0,49H REGNRO FRMT1270 MORE THAN ONE V FIELD FOR ZONE-/
GO TO 390

480 VZWCH-1
IF (FIELDN.EQ.1) VZAL-CARD( 4)
IF (FIELDN.EQ.2) VZAL-CARD( 6)
IF (FIELDN.EQ.3) VZAL-CARD( 8)
IF (FIELDN.EQ.4) VZAL=CARD(IO)
GO TO 390

490 IF (RHZWCH.EQ.0) GO TO 500
ERFLAG-1
WRITE (691280)
WRITE (691) (CARO(I),1,lt.0)

1280 FORMAT (IHO,49H REGNRD FRMT1280 MORE THAN ONE RH FIELD FOR ZONE-/)
GO TO 390

500 RHZWCHa1
IF (FIELDN.EQ.1) RHZAL'=CARD( 4)
IF (FIELDN.EQ.2) RHZAL-CARD( 6)
1- (FIELDN.EQ.3) RHLAL-C ARD( 8)
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IF (FIELDNEQ,4) RHZALCk(1O)

GO TO 390

510 IF (PZWCH.EQ.O) GO TO 520

ERFLAG= 1

WRITE (6fl290)
WRI~TC (6,1) (CARD(Ib1Iu'1,1)

1290 FORMAT (lHO949H REGNRD FRMT1290 MORE THAN ONE P FIELD FOR ZONE-/)
GO TO 390

520 PLWCH=1
IF (FIELDN.EQ.1) PZALwCARD( 4)
IF (FIELDN.E(Q.2) PZAL-CARDI 6)
IF (FIELDN.EQ.3) PZAL-CARD( 8)
IF (FiE1DNoEQ.4) PZAL-CARD(10)
GO TO 390

530 IF (ELWCH.EQ.0) GO TO 540
ERFLAGm 1
WRITE (691300)
WRITE (6,11 (CARD(I)PIn1,10)

1300 FORMAT (1l4O,49I1 REGNRD FRMT1300 MORE THAN ONE E FIELD FOR ZONE./)
GO TO 390

540 IF (I2000.NE.0) GO TO 441
541 EZWCH=l

IF (FIELDN.EQ.1) EZAL-CARD( 4)
IF (FIELON.EQ.2) EZAL*CARO( 6)
IF (FIELDN.EQ.3) EZAL-CARD( 8)
IF (FIELDN.EQ.4) EZAL-CARD(1O)
GO TO 390

550 IF (KLWCH.EQ.0) GO TO 560

ERFLAG- 1
WRITE (6,1310) I
WRITE (6,1) (CARD(I)tlulel0)

1310 FORMAT (lHO,49H REGNRD FRMT1310 MORE THAN ONE K FIELD FOR ZONE.,t
GO TO 390

560 KZWCH-l
IF (FIELDN.EQ.1) KZAL-CARO( 4)
IF (FIELDN.EQ.2) KZAL-CARD( 6)
IF (FIELDN.EQ.3) KZAL=CARD( 8)
IF (FIELDN.EQ.4) KZAL-CARO(10)
Gfl TO 390

570 READ (til) (CARD(II1,110)
IF(NS.NE.0) GO TO 5

IF (ZNSWC.NE.O) GO TO 580
575 CALL GRIDGN

CALL ZONGEN(C)
GO TO 5

580 CALL ZNGET
CALL ZONGEN(C)
GO TO 620

590 IF (ZGETSW.NE.0) GO TO 600
IF (CARD(l).EQ.REGION) GO TO 20
IF (12000.EQ.O) GO TO 593
J1 a JREG(REGN0-1)+2
J2 x JREG(REGNO) + I
IF (REGNO.EQ.1) Jlz 2
DO 591 IzJlJ2
ELMI - EG(I
EG(I - TEMMI
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TEMU) ELM1
591 ELMI 0.
593 NREGwREGNO

JMAXmJREG(CNREG)
IF (IHYD.NE.0) GO TO 594
IF(REGNO.EQ.,) GO 10 594
REGNO. I

592 JI-JREG(REGNO)
TAM(Jl*11z ( .5i4(TEM(J1+2)**4.TEM(JZ+l)**4 ))**.25
CALL PEK (3,MAT(JZ+1) ,TAM(JZe1),VL(J141),Jl,0,KM(JZ+1),C)
CALL PEK (3,MAT(JZ+2),TAM(JZ+1) ,VL(J142),JZ,0,KP(Jl+1),C)
IF IREGNO.GE.NREG-1) GO TO 594
REGNO*REGNO+ j
GO TO 592

594 JlmO
GO TO 596

595 DMESS(JZ+1 )=O.5*(DMASS(JZ+1)+DMASS(JL+2)
596 IF (IHYO.NE.O) GO TO 597

TEMSQ(JL*2)-TEM(JZ+2)**2
TEM3(J14-2)- TEM(JZ+2)*TEMSQIJZ+2)
TEM4(JZ+2)- TEM(JZ+2)*TEM3(JZ+2)
IF IJZ.EQ.O) GO TO 597
KDM(JZ+i)zO.5*(DMASS(JZ+1)*KM(JZI)+DMASSI(JL42)*KP(Jl+1)
EL(J1+1)xR(Jl+1)**(2*(DE.TA-1) )*(TEM4(JZ+1)-TEM4(JZ+2) )/KDM(JZ+

597 IF (JZ.GE.JMAX-1) -GO TO 598
JZuJZL4
GO TO 595

598 RETURN
600 IF (JREG(REGNO-1).LT.JREG(REGNO) ) GO TO 610

ERFLAGm j
WRITE (691320)
WRITE (6,1) (CARD(I),Izll)

1320 FORMAT (lHOt44H REGNRD FRMT1320 SHOULD HAVE A ZONE CARD TO
lt26H COMPLETE GRID DEFINITION. 1

610 ZGETSW-O
GO TO 590

620 IF P.GETSW.EQ.0) GO TO 630
JREG(REGNO)=JORI G+NLONE

622 IF (JORIG.LE.O) GO TO 625
IF(IHYD.NE.O) GO TO 625

TAM(JORIG+1)=( .5*(TEM(JORIG+2)*P4+TEM(JORIG.1)**4) )**.25
CALL PEK (3,MAT(JORIG+1) ,TAM(JORIG+1) ,VL(JORIG+l) ,JORIGO,
I KM(JORIG+l),C)
CALL PEK (3,MAT(JORIG.2) ,TAMIJORIG+1),VL(JORIG+2),JORIG,0,
I KP(JORIG+1),C)

625 JORIG=JORIG+NZONE
GO TO 360

630 IF (JORIG.LT.JREG(REGNO)-NZONE) GO TO 622
GO TO 610

640 FIELDN=2
WLAB-CARO( 5)
GO TO 55

650 FIELnN=3
WLAB-CARD( 7)
GO TO 55

660 FIELDN=4
WLAB-CARD(9)
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GO TO 55
670 READ (5,1) (CARD(I)sIalslO)

IF (CARD(1).EQ.BLANK) GO TO 680
IF (ZNSWC.EQ.O) GO TO 575
GO TO 580

680 IF (ZNSWC.EQ.0) GO TO 50
ERFLAG-I
WRITE (611330)
WRITE (6,1) (CARD(f)#a1,it0)

1330 FORMAT (liHOt45H REGNRD FRMTI330 ZONE (ARD SHOULD NOT HAVE A
lt,4H CONTINUATION. /)
GO TO 370
END

id
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15. ZNGET

ZNGET is called by REGNRD to generate R's and U's when handling

ZONE cards.

$IgFTC ZNGET REF
SUBROUTINE ZNGET

C COMMON CARDS LABFLED /IKAI/ AND /IKAIA/ GROUPS TO BE PLACED HERE
C INTEGER CARD GROUP T) BE PLACED HERE

REAL KVAL, KIAL, KMIN, KMAX, KOM, KP, KM
COMMON /RC/ R(1)
COMMON /UC/ U(1)
IF (ZGETSW.NEoO) GO TO 20
GO TO 50

10 RETURN
20 IF (RSWCH.NE.O) GO TO 70

IF (DRSWCH.NE.O) GO TO 30
ERFLAG= 1
WRITE (6,1000) REGNO

1000 FORMAT (53H0 ZONGET FRMTIO00 ZONING INFORMATION ON 'ZONE' CARG
I 38H NOT GiVEN WHEN REQUIRED. REGION NO.= 15)
GO TO 50

30 JZ=JOPI;+|
NZ= I

40 J= JZ-JURIG

DJ=J
R(JZ4I)= DR*DJ +RCJORIG+I)
IF (NI.GE.NZONE) GO TO 50
JZ=JZ+1
NZ=Nl+l
; TO 40

50 RRG(REGNO)=A(JZ+l)

IF (UZWCH.E(Q.O) GO TO 10
JZ=JORIG+ 1

NZ=I
55 IF (UZWCH.EQ.U) GO TO 60

U(JZ+l )=UZAL
O TO 65

60 U(JZ+1)=UVAL
65 IF (NZ.GE.NZONF) GO TO 10

NZ=NZ+1

JZ=JL*+
GO TOf 55

70 IF (NZINE.LF.1) GO TO 80
75 FRFLAG=1

WRITC (6,1010) REGNO,JORIG
1010 FORMAT(i2HO /ONGET FRMT1OIO CAN'r DEFINE MORE THAN ONE ZONE

I 41H WHF-- R IS rIVLN FOR A JI}hE. REGION NO.= 15,13H LAST J-VALUF
" 2H = I5)

C J . JiR I C, -I
~ ;I~=PVAL
' *i 50

FND
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16. GRIDGN

GRIDGN is called by REGNRD to generate R's a-ad U's whe~i handling

REGION cards.

BFTC GRIi)GI REF
SUBROUTINF GRIDGN

C COMMON rARDS LAHELED /IKAI/ AND /IKAIA/ GROUPS TO BE PLACED HERI
C INTEGER L~ARD GROUP TO BF PLACED HFRE

REAL K AL, KLAL, KMIN, KMAX, KDM, KP, KM
COMMON /RC/ R(1)

COMMON /UC/ 0(1)
IF(4EGNU.NE.1) GO TO 5
JL=O
GO TO 11

5 JL=JREG(REGNO-1)
It, JR=JREG(REGNO)

J=JR-JL
DJ=J
IF (JSWCH.EQ.0) GO TO 60
IF -IDRSWCH.EUO0) GO TO 30
D=DR*OJ
IF (REGNO.EQ.1) GO TO 15
RRG(0REGNO )=D+RRG 0REG.NU-1I)
GO To 10

Is RRG(REGNO)=D+R(1)
10 JL=JL*1
20 J= JZ-JL

DN= J
D=DN*DR
IF (REGNO.EQ.I) GO TO 25
R(JZ+1) = RRG(REGNO-l) + D
GO TO 27

25 R(JZ+1)=k(1)+D
27 IF (JZ.GE.JR') GO TO 80

JZ=JL+.
GO TO 20

30 IF (RSWCH.EQ.O) GO TO 40
IF (REGNO.EQ.1) GO TO 35
DR= RVAL-RRG(REGNO-fl
GO TO 36

35 DR=RVAL-R(H.
36 DR=DR/DJ

RRG( REGNO )=RVAL
GO TO 10

40 ERFLAG=.
WRITE (691000) REGNO

1000 FORMAT (45H0 GRIDGN FRP'TI00O INSUFF. DATA FOR REG. NO. 159
1 16H. ONLY J INPUT.

50 ZGETSWx1
IF (RSWCH.NF.0) GO TO 76
JREG( REGNO )=0
GO TO 80

60 IF (DRSWCH.EO.0) GO TO 50



IF (RSWCH.NE.0) GO 10 10
ERFLAGz 1
WRITE (691010) REGNO

1010 FORMAT (52H0 GRIDGN FRMT101O INSUFF. DATA FOR REGION. ONLY OR
1. 18)4 INPUT. REG. NO.- 15)
GO TO 50

70 IF (REGNO.EQ.1) GO TO 72
OaR VAL-RRG(IREGNO- 1)
GO TO 74

72 DxRVAL-R~l)
74 D-D/DR

J-D
JREG(REGNO)xJL-J
JRxJREG(IREGNO)
RRG(IREGNO ) RVAL
GO TO 10

76 RRG(REGNO)=RVAL
80 IF (USWCH.NE.O) GO TO 90

UVAL-0.
90 IF (ZGETSW.NE.0) GO TO 100

JLUJL+l
95 U(JL+1)-UVAL

IF (JZ.GE.JR) GO TO 100
J 2=J Z+ 1
GO TO 95

100 RETURN
END
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17. ZONGEN

ZONGEN is called by REGNRD to generate the zone variables other

than R end U for all the zones.

SIBFTC ZONGEN REF
SUBROUTINE ZONGEN(C)

C COMMON CARDS LABELED /IKAl/ AND /[KAIA/ GROUPS TO BE PLACED Hi

C INTEGER CARD GROUP TO BE PLACFD HERE
REAL KVAL, KZAL, KMIN9 KMAXv KDM, KP, KM
COMMON /RC/ R(1)

COMMON /TEMC/ TEM(l)
COMMON /TAMC/ TAM(I)
COMMON /VLC/ VL(1)
COMMON /PRC/ PRI1)
COMMON /EGC/ EG(1)
COMMON /KPC/ KP(1)
COMMON /KMC/ KM(1)
COMMON /DMASSC/ DMASSMl
COMMON /MATCI MAThl)
INTEGER PCOMPIECOMP
DIMENSION CCI)

IF (lNSWC.NE.O) GO TO 420
IF (REGN0.EQ.1) GO TO 2
JZ-JRFG(REGNO-1)
r6o TO 4

2 JZ=O
4 JL-J1
J-JR EG(RE F(;NO)
ZNQSW=0
IF (TSWCHo.Q.O) GO TO 10
IF (PSWCH.NE.0) GO To 20
IF (VSWCHoNF.0) GO TO '5
IF (kHSWCH.FQ.0) GU TO 80
VVAL= I.*/RHVAL

5 PCOMP=1
GO TO 47

10 IF (MSWCH.Ei3.O) GO TO 120
IF {?GFTSW.EQ.0) GO TO 30
ERFLAG I
WRITF (691000) RFGNO

1000 FORMAT (IHO,44H ZONGEN FRMT1000 INSUFFICIENT INFORMATION-
1934H CAN'T COMPOTE V FOR REGION NUMBER t15 I
WRITE (6,1) (CAIU(I)p,11I0)

I FORMAT (A6qF6.0,4(A3,FI2.6))
GO TO 260

20 IF (LGFTSW.NE.C) Go TO 260
ASSIGN '5 TO LOC
G.o in 200

30 ASSIGN 40 TO LOC
GO TO 20U

40 IF (PSWCH.E.-)j) GO TO 50
JL I JL4I1
MAT (JLI+1 )=NEOS

CALL GFTVARI 1,2,PVALVVALJL1,TVALC)



45 PCOMPvo
47 ECOMP-I

KCOMPa I
GO TO 260

50 IF IESWCH.EQ.O) GO TO 60
JLI-JL+l
MAT(J1141 )zNFOS

CALL GETVAR(292,EVALVVALJL1,TVALC)
55 PCOMPu1

ECOMP-0
KCOMP-1
GO TO 260

60 IF (KSWCH.EQ.0) GO TO 70

MAT(J114 )=NEOS
CALL GETYAR (3,2,KVAL#VVAL#JLlTVALC)

65 PCOMP-1
ECOMP-1
KCOMP=0
GO TO 260

70 ZNQSW=2

GO TO 260

80 IF (PSWCH.EQ.0) GO TO 90
JtL1&JL+1
MAT(J51 41) =NEOS

CALL GETVAR (1v1qPVALvTVALtJL1vVVALvC)
GO TO 45

90 IF (ESWCH.EQ.0) GO TO 100
SLI uJL+l
MAT(JLL+1)-NEOS

CALL GETVAR (29lEVALrVALtJL1,VVAIC)
GO TO 55

100 IF (KSWCII.EQ.O) GO TO 110
SLI uJL+ 1
MAT (JLI+1)=NEOS

CALL GETVAR (3*1,KVALtTVAL#JL19VVALC)
GO TO 65

110 ZNQSWl1
GO TO 260

120 IF (VSWCH.NE.0) GO TO 40
IF (RHSWCH.EQ.O) GO TO 130
VVAL=I.*/RHVAL
GO TO 40

130 IF (PSWCH.EQ.0) GO TO 160
IF (ESWCH.EQ.O) GO TO 140
CALL GETTV (1,2,SLPVALtEVALTVAL#VVAL)

135 PCOMP=0
ECOMP*O
KCOMPz 1
GO TO 260

140 IF (KSWCH.EQ.O) Go TO 150
CALL GETTV (1,3,JLIPVALtKVALtTVALVVAL)



145 PCOMP=0
ECOMP-1
KCOMP-0
GO TO 260

150 INQSW=4
GO TO 260

160 IF fESWCH.EQ.O) GO TO 180
IF (KSWCH.EQ.O) GO TO 170
CALL GETTV (293sJL#EVALtKVAL, TVALvVVAL)

165 PCOMP-1
ECOMP-O
KCOMP-O
GO TO 260

170 ZNQSW-3
GO TO 260

100 IF CKSWCH.EQ.0) GO TO 190
ZNQSW-5
GO TO 260

190 ZNQSW-6
GO TO 260

200 DELT-DELTA
IF (REGNO.EQ.1) GO TO 210
D=RRG (REGI4O-1)
GO TO 215

210 D-R(1)
215 IF (DELTA.Gr.1) GO TO 218

D-RRG(IREGNO)-D
GO TO 240

218 IF (DELTA.GT.2) GO TO 220
D- (RRG(REGNO)-D)*(RRG(REGNO)-O)
GO TO 240

220 Da (RRG(REGNO)-D)*(RRG(REGNO)**2+RRG(REGNO)*D'D**2)
240 VVAL=D/DELT/DMVAL

GO TO LOC, (5,40)
260 IF (ZNSWC.NE.0) GO TO 820

IF (ZGETSW.NE.O) GO TO 300
JZ-JL

262 MAT(JZ+2)-NEOS
IF (JZ.GE.JR-1) GO TO 265
JZzJL+1
GO TO 262

265 IF (ZNQSW.GT.5) GO TO 290
IF (ltJQSW.GT.4) GO TO 310
IF (ZNQSW.GT.3) GO TO 320
IF (ZNQSW.GT.2) GO T0 340
IF (ZNQSW.GT.1) GO TO 360
JL-JL

270 TEMIJZ+2)-TVAL
IF (JZ.EQ.JL) GO TO 275
IFI IHYD.EQ.O)TAM(JZ+1h=TVAL

275 IF (JZ.GE.JR-1) GO TO 280
JzZJz+1
GO TO 270
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280 IF (ZNQSW.EQ.O) GO TO 360
290 RETURN
300 IF (ZNQSW.NE.0) GO TO 290

GO TO 370
310 JZaJLe1

IF(IHYD.NE.O) RETURN
315 KP(JL+1)=KVAL

KM(JZ+1.)-KVAL
IF (JL.GE.JR-1) GO TO 290
JLUJZ+l
GO TO 315

320 JZ-JL
325 PR(JZ+2)-PVAL

IF (JZ.GE.JR-1) GO TO 330
JZUJZli
GO TO 325

330 IF (LN0SW.NE.O) GO TO 290
340 JZ=JL
345 EG(JZ.2)-EVAL

IF (JZ.GE.JR-1) GO TO 350
JZUJt41

GO TO 345
350 IF (.NQSW.NE.O) GO TO 290

GOC TO50
360 JZ-JL
365 VL(JZ42)UVVAL

IF (JZ.GE.JR-1) GO TO 368
JZuJZ+1
GO TO 365

368 ASSIGN 370 TO LIC
GO TO 401

370 IF (PCOMP. Q.0) GO TO 380
CALL PEK flvNEOS*TYALVVALJLOPVALtC)

380 IF (ECOMP.EQO) GO TO 390
CALL PEK (2,NEOSTVALVVALJL*09EVALtC)

390 IF (KCOMPoEQ.O) GO TO 400
IF(IHY~OEQ.0)CALL PEK (3,NEOSITVALVVALtJL*0,KVALvC)

400 IF (ZGETSW.NE.0) GO TO 290
IF (ZNQSW .EQ.0) GO TO 320
GO TO 290

401 JZ*JL
DEL T-DELT A

402 D=R(JZ+2)-R(JZ+I)
IF (DELTA.GT.1) GO TO 403
GO TU 405

403 IF (DELTA.GT.2) GO TO 404
D=D*(R(JZ+2)+R(JZ+I))
GO TO 405

404 OUD*(R(JZ+2)**2R(JZ+2*R(J+1)R(JL)?*)
405 IF (ZNSWC.EQ.O) GO TO 409

OMASS(JZ+2 )-Ds/DELT/VZAL
GO TO 407

409 DMASS(JZ42)3O/DELT/VVAL
IF (JZ.GE.JR-1) GO TO 406
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408 JZ=J1+l
GO TO 402

406 GO TO tLI (370,260)
407 IF (JZ.GE.JR) GO TO 406

GO T0 408
420 JR-JORIGiNZONE-1

JZ =JORIG
IF (TZWCN.NEoU) GO TO 740
IF (MZWCH.NE.O) GO TO 425
IF (VZWCH.NE.0) GO TO 660
IF (RHZWCH.NE.O) GO TO 440
IF (PLWCH.NE.O) GO TO 450
IF (EZWCH.NE.0) GO TO 530
IF (KZWCH.NE.O) GO TO 600
IF (ZNQSW.EQ.0) GO TO 870
ERFLAG= I
WRITE (6t1020) REGNO,JORIG
WRITE (601) (CARD(IbIl=l10)

1020 FORMAT (lHOt46H ZONGEN FRMT1020 NEITHER REGION NOR ZONE DATA
It 20H LAST J VALUE WAS 15 1
GO TO 290

425 ASSIGN 660 TO LOC
430 DELT-DELTA

IF (DELTA.GT.1) GO TO 432
0 - R(JZ+2)-R(JZ+1)
GO TO 436

432 IF (DELTA.GT.2) GO TO 434
0 (R(JZ+2)-R(Jl+1) )*(R(JZ+2)+R(JZ+1))
GO TO 436

434 D0- (R(JZ+2)-R(JZ+1))*(R(JZ+2)**2+R(JZ+2)*R(JZ+1)+R(JZ+1)**2)
436 VlALuO/DELT/OMZAL

GO TO LOC, (660,675)
440 VZAL-I./RHZAL

GO TO 660
450 IF (EZWCH.EQ.O) GO TO 460
455 CALL GETTV (lt2,JORIGPZALgEZALITZALtVZAL)

PCOMPZ-0
ECOMP-0
KCOMP- I
GO TO 720

460 IF (KZWCH.EQ.0) GO TO 470
465 CALL GETTV (lv3,JORIGPZALIKZALTZALtVZAL)

PC0MP-a0
ECOMP 1
KCOMP*0
GO TO 720

470 IF (ZNQSW.EQ.3) GO TO 500
IF (ZNQSW.E01 5) GO TO 510
IF (ZNQSW.EQ.1) GO TO 480
IF (ZNQS'W.EQ.2) GO TO 490
IF (ZNQSW.EQ.0) GO TO 520
ERFLAG~ I
'iRITF (6,1030) REGNO,JORIG
WRITE (6,1) (CARD(I),I=1,1O)
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1030 FORMAT (IHO,48H ZONGEN FRMT1030 ONLY P INPUT INSUFFICIENT DATA
112H REG. NO.- 15912H JVALUE- I 5)
GO TO 290

480 TZALsTVAL
GO TO 710

490 VZALwVVAL
GO TO 660

500 EZAL-EVAL
GO TO 455

510 KZAL=KVAL
GO TO 465

520 JZ-JORIG
525 PR(JZ 2)-PZAL

IF (JZ.EQ.JR) GO TO 290
JZUJZ+1
GO TO 525

530 IF (KZWCH.EQ.O) .J TO 540
535 CALL GE(TV (2t3tJORIGEZALtKZALTZALVZAL)

PCOMPa1
ECOMP-O
KCOMP-O
GO TO 720

540 IF (ZNQSW.EQ.O) GO TO 550
IF (ZNQSW.EQ.1) GO TO 560
IF (ZNQSWoEQ.2) GO TO 570
IF (ZNQSW.EQ.4) GO TO 580
IF (ZNQSW.EQ.5) GO TO 590
ERFLAG- 1
WRITE (61040) REGNOJORIG
WRITE (6,1) (CARD(I)II-1,0)

1040 FORMAT (IHO,50H ZONGEN FRMT1040 ONLY E INPUT - INSUFFICIENT DATA
1,IOH REG. NO.- 15,16H LAST JVALUE- 15 I)
GO TO 290

550 JZ-JORIG
555 EG(JZ+2)-EZAL

IF (JL.GE.JR) GO TO 290
JZUJZ +
GO TO 555

560 TZAL-TVAL
GO TO 770

570 VZAL-VVAL
GO TO 690

580 PZAL-PVAL
GO TO 455

590 KZAL-KVAL
GO TO 535

600 IF (ZNQSW.EQ.O) GO TO 610
IF (ZNQSW.EQ.1) GO TO 620
IF (ZNQSW.EQ.2) GO TO 630
IF (ZNQSW.EQ.3) GO TO 640



IF (ZNQSW.EQ.4) GOTO65
ERFLAG= I
WRITE (691050) REGNO#JORIG
WRITE (6,1) ICARDII),I-1101

1050 FORMAT (1H95014 ZONGEN FRMT1O5O ONLY K INPUT -INSUFFICIENT DAT
1,10H4 REG. NO.- 15917H4 LAST J VALUEs 15I
GO TO 290

610 JZ*JORIG
IF(IHYD.NE.O) RETURN

615 KPIJZ.1)sKZAL
IF (Jl.GEoJR) GO TO 290
JZsJZ+1
GO TO 615

620 TZALmTVAL
GO TO 790

630 VZAL=VVAL
GO TO 680

640 EZAL&EVAL
GO TO 535

650 PZAL=PVAL
GO TO A.GS

660 IF (PZWCH.NE*01 GO TO 700
IF (EZWCH.NE*0) GO TO 690
IF (KZWCH*NE.0) GO TO 680
IF (ZNQSW*LE.1) GO TO 670
IF (ZNQSW.NE.3) GO TO 662
EZALxEVAL
GO TO 690

662 IF (ZNQSW.NE.4) GO TO 664
PZAL=PVAL
GO TO 700

664 IF (ZNQSW.GT.5) GO TO 666
KZAL=KVAL
GO TO 680

666 ERFLAG-1
WRITE (691060) REGNOJORIGI WRITE (6,1) (CARD(Ib91ul,10)

1060 FORMAT (1140,4614 ZONGEN FRMT1060 NEITHER REGION NOR ZONE DATA
1,371H SUFFICIENT TO DEFINE T. REGION NO,= 15,161 LAST JVALUEw 9
2 15 /)
GO TO 290

670 TZAL-TVAL
675 PCONP-1

ECOMPu I
KCOMP- 1
GO TO 720

680 PCOMPaI
ECOMPuI
dCOMPUO
JORIGl-JORIG41
MAT(JORIGI*1I-NEOS

CALL GETVAR 13t2tKZALVZALJORIGITLALC)
IF (IHYD.EQ.0) TAM(JORIG+I) a TZAL

GO TO 720
690 PCOMPu1

ECOMPsO
KCOMPuI



JORICI=JORIG~l
MATIJORIG1+1)-NFOS

CALL GETVAR (292,EZALVLALtJORITZAL*C)
GO TO 720

100 PCOMP=0
ECOMP= 1
KCOMP=l1
JORIGI=JORIG+1
MATIJOR!G1+1 )=NEOS

CALL GETVAR (1,2tPZALvVZALqJORIGl9TLALC)
GO TO 720

110 JORIG1=JORIG+l
MAT(JORIGI+i)-NEOS

CALL GETVAR (1llPZALTZALJORIGI9VZALC)
PCOMP=O
ECOMP= 1
KCOMPz j

720 JZ=JORIG
125 1EM(JZ+2)=TZAL

VL(JZ+2)=VZAL
IF (NZONE.LT.2oOR.JZ.EQ.JORIG) GO TO 730
IF (IHYD.EQ.O) TAH(JZ+l) = TZAL

730 IF (JZ.GE.JR) GO TO 732
JZZJZ+1
GO TO 725

732 JZ*JORIG
DELT=DELTA
ASSIGN 260 TO LLC
GO TO 402

740 IF (MZWCH.EQ.0) GO TO 750
ASSIGN 675 TO LOC
GO TO 430

750 IF (VZWCH.NE.0) GO TO 615
IF (Rl4ZWCH.EQ.O) GO TO 760
VZAL-l./RHZAL
GO TO 615

760 IF (PZWCH.EQ*0) GO TO 780
GO TO 710

710 JORIGl=JORIG+l
MAT(JORIG1+1)-NFOS

CALL GETVAR (2vltEZ&LPTZALoJORIGI#VZALCI
PCOMP= 1
ECOMP=O
KCOMP=l
GO TO 720

780 IF (EZWCH*NE.0) GO TO 770
IF (KZWCH.EQ.0) GO TO 800

190 JORIG1ZJORIG+l
MAT (JORIG1+1 )=NEOS

CALL GETVAR (3,1. KLALvTZAL9J0RIGl9VZALvC)
PCOMP=1
ECOMPXI
KCOMP= 0
GO TO 720

800 IF (ZNQSW.EQ.01 GO TO 675
IF (ZNQSW.EQ.2) GO TO 810V
IF (ZNOSW.NE-3) GO TO 802

L Of



E ZAL-zE VAL
GO TO 770

802 IF fZNQSW.NE.4) GO TO 804
PZ ALPV AL
GO TO 710

804 IF (ZNQSW.GT.5) GO TO 806
K ZAL =K VAL
GO 10 790

806 ERFLAG=l
WRITE (691070) REGNOJORIG
WRITE (6#1) (CARO(I)9I=ltl0)

1070 FORMAT (1HO,41H ZONGEN FRMT1070 NEITHER REGION NOR ZONE
1936H SUFFICIENT TO DEFINE V. REG* NO*- 15, 16H LAST JVALUE=
2 15 /)
GO TO 290

810 VZAL-VVAL
GO TO 675

820 IF (PCOMP.EQ.0) GO TO 830
CALL PEK (1,NEOStTZALtVZALJORIG,0,PZALC)

830 IF (ECOMP.EQ.0) GO TO 840
CALL PEK (2,NEOSTZALVZALJORIG,0,EZALC)

840 [F (KCOMPoEQ*0) GO TO) 850
IF (IHYD.EQ.0) CALL PEK(3,NEOStTZALVZALJORIG,0,KZALC)

850 JZ=JORIG
855 PRIJZ+2)=PZAL

EG( JL+2 kEZAL
IF (JZ.LE.JORIG ) GO TO 856
IF (IHYD.NE.0) GO TO 856

KP(JZ+1)=KZAL
KMIJZ.1) - KZAL

856 IF (JZ*GE.JR) GO TO 860
JZZJZ41
GO TO 855

860 JZxJORIG
865 MAT(JZi2)=NEOS

IF (JZ.GE.JR) GO TO 290
JZ=JL+1

r GO TO 865
870 TZALxTVAL

VZAL-VVAL
GO TO 720
END

-;So
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18. PEK(NQMA TP ,VP ,J 1ND,F 3C)

PEK calculates F(TP, VP) or or aFin a zone. The arguments
in the calling sequence are:

N~Q: 1 if F is pressure

2 if F is energy 7

3 if F is opacity

f IMA: the material number of the zone in question
TP: the temperature

VP: the specific volume

J: the number of the zone

ND: 0 if F(T,V) is desired

1 f AF(T.V is desired

2ill aF(TV) is desired
BVP

F: the variable to be returned

C. the coefficient table

SIRFTC PEKG;~-
SUBROUTINE PEK(NS~jMA9rPiVP9JtND9F*C)

C COMMON CARD LABFLEO /IKA1A/ GROUP TO BE PLACED HERE
DIMENSION COE(9)
DIMENSION C(1) '

IF (WA.GE.1000) GO TO 20
CALL FINDC(-NOMATP9VP9ClFC)
ND I= 4D +

C
C FRANSFER TO FIND FUNCTION,9 OERIV W.R.T. T OR DERIV W.R.T. V RESPT.
C

IF (NO.EQ.3) TP=l./TP
GO TO (100,110912o)tNI

100 T2=TP*TP
V2=VP*VP

I COE(7)*TP/V2+COE( 8)*T2/VP+COE(9)*T?'V2
IF (IHYO.EQJ.1) Go To 15
[F(NO.EQ.1) F=F+2.514*TP**4*1.E-9
IF(NO.EQ.2) F=F+7.54*TP**4*VP*I.E-9
GO TO 15

110 V2-VP*vP
F=COF( 3)+COE(5)*2.*TP+COE(6) /VP+COE(7)/V2GCOEI8)*2.*TP/VP+

I COE(9)*2,*TP/V2
IF (IHYD*EQ.1) GO TO 15
IF(NQ.EQ.1) F=F*2.514*TP**3*4,L-9
IF(NQ.FQ*2) F=F+7.54*TP**3*VP*4.E-I,
GO TO 15

r'A
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Fa COE(2).COE(4)*Z./VP+COE(6)*TPCOE(7)*2,*TP/VP.C0EIS)*T2+
1 COE19)*2**T2/VP
IF (IHYD.EQ.1) GO TO 15
IFINQ.EQ.2) FuF47e54*TP**4*1.E-9

15 IF (NQ*EQ.3) TPs I./TP
GO TO 50

1005 FORMAT 132140 PEKG FRMTIOOS ND IS WRONG.,
20 CALL ANEOS (NQtMATPVPF)

IF (NQ.EQ.l.AND.IHYD.NE.1) F=F+*514E-9*TP**4
IF INQoEQo2eAND.IHYDNE.1) F=FT.54E-9*TP**4*VP
IF (ND.EQ.0) GO TO S0
IWaO

IF (NDoNE.1) GO TO 40
IF ITP*LE9O.0001 ) GO TO 30
TDIF-TP*.0001
GO TO 32

30 TDIFm*00005
32 TN-TP4TDIF

CALL ANEOS (NQMATNvVPFN)
IF (NQ.EQ*1.ANO.IHYO.NE.1) FN*FN42*514E-9*TN**4
IF (NQ*EQ.2.AND.IHYD.NE*1) FN-FN47o54E-9*TNO*4*VP
FD=ABS( tFN-F)/FN)
IF (FD.GE.l.E-06) GO TO 33
TDIFu2o*TDIF
IW=IW+1
IF(IW.LT.2) GO TO 32
PRINT 20009 JNONDIWtTPTOIFTNFFNFD

2000 FORMAT 141696EI6.8)
IF IIW.LE.10) GO TO 32
Fm (FN-F)*1.E-06/ABS( FN-F) ITDIF
GO TO 50

33 F-m (FN-F)/TDIF
GO TO 50

S J40 IF (VPLEo.OO01 ) GO TO 42
VDl FaVP*. 0001

* GO TO 44
42 VDIFu*00005
44 VN*VP+VDIF

CALL ANEOS (NQMATPVNFN)
IF (NQ.EQ.1.AND.IHYD.NE.1) FN=FN42.514E-9*TP**4
IF (NO*EQ.2.AND.IHYD.NE*1) FN=FN+7oS4E-9*TP**4*VN
FOuARS( (FN-F)/FN)
IF (FO.GE.1.E-06) GO TO 46
VDIFa2.*VDIF

IF(IW*LT*2) GO TO 44
PRINT 2000,JNQNDIWTPVD!FVNFFNFD
IF (IW.LE.101 GO TO 44
F. (FN-F)*1.E--06/ABS(FN-F) /VDIF
GO TO 50

46 F a (FN-F)/VDIF
50 RETURN

END
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19. FINDC(t*MA*TPVP FC )

FINDC obtains the coefficients for the macro-box defined by TP

and VP and returns them in F. The parameters are:

NF: 1 for pressure

2 for energy

3 for opacity

MA: material of zone

TP: temperature

VP: specific volume

F: a, b, c, d, e, f, g, h, o are returned in F1 .9.

C: the table of T's, p's and coefficients

LIMIT: number of C's

For a description of the form of the coefficient table, etc.,

see paragraph 13.

tIBFTC FINOC REF
SUBR(JUTINE FINDC (NFqMATPVP,F,C)
COMMON /EOSCOM/ MEOS, IDi7OS(6), IORDER|6), IBEGT(396), DUM,
I IBEGV(3,6), IBEGC(3,6)
DIMENSION F(9), C(1)
MAI=MA+l
LOOK = IDFOS(MAH)
IF(LUOK.NE. 0) GO TO 5

2 PRINT 7001,MA
7001 FORMAT (34H1 FINDC FRMT7001 MATERIAL NO. = 14,12H IS NOT USEC

1 13H IN THIS JOB. )
RETURN

5 DO 6 1=1,6

IF(IORDER(I).EQ.LO()K) GO TO 9
6 CONTINUE

GO TO 2
9 MAI =1

ITABT=O
l1= IRE(;T(NF,MAI)
L2= IREGV(NFMAI)-1
IF(NF.EQ.3) TP= I./TP

00 7 I=LIL2,?
IF((TP.GE.C(I).AND.TP.LE.C(1+2)).OR.(TP.LE.C(I).AND.TP.GE.C(i+2))

I ) GO TO to
ITABT= ITART+1

7 CONTINUF
I0 IF(NF.EQ.3) TP= I./TP

ITABV=O
LI= IREGV(NF,MAL)
L2= IBEGC(NF ,MA11-|

-I,-j

'.1 *
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VP=I./VP
DO 13 I=LltL2#2
IF((VP.GE.C(I).ANO.VP.LE.C(1+2)).OR.(VP.LEC(I).AND.VP.GE.C(I+

21

I ) GO TO 15
|TABV=ITABV+I

13 CONTINUE
15 NOFT = (IBEGV(NFMAI)-I[EGT(NFMAI))/

ICSUB - IREGC(NFMAI)+ ITABV*NOFT*9+ITABT*9-1
00 20 1=1,9
ISUB =ICSUB+I

20 F(I)= C'ISUl)
VP=I./VP
RETURN
END

20. ANEOS (NF ,^ ,TP,VP ,F)

ANEOS calculates F(TP, VP) for materials with analytic equations

of state. MA is a number between 1000-1005 inclusive. ANEOS calls

the function type subroutines FPlO0x, FE100x or FKIO0x where lOOx

is the material number. The arguments are:

NF: 1 for pressure

2 for energy

3 for opacity

MA: material in the zone

TP: temperature

VP: specific volume

F: F(TP, VP) is returned here.

$[BFTC ANEPS REF
SUBROUTINE ANEOS (NFvMATPVP,F)

10 LA-MA-999
IF (NF.NE.1) GO TO 20
GO TO (1112,13t14,l%,lb)LA

11 F x FPiOOO (TPtVP)
GO TO 40

12 F- FPIOOI (TPVP)
GO TO 40

13 F - FPIO02 (TPVP)
GO TO 40

14 F - FP1O03 (TPtVP)
GO TO 40

15 F a FPIO04 (TPVP)
GO TO 40

16 F - FP1OO5 (TPVP)
GO To" 40



20 IF (NF.NE.2) GO TO 30
GO TO (21Z2tZ3,24t2S26)vLA

21 F a FEIOOO(TPVP)
GO TO 40

22 Fs FE1001(TPVP)
GO TO 40

23 Fa FE1O02 (TPVP)
GO TO 40

24 F a FE1OO3 (TPtVP)
GO TO 40

25 F a FEIO4 (TPVP)
GO TO 40

26 F a FE1O05 (TPVP)
GO TO 40

30 GO TO (3193233,34053536)tLA
31 F =FKLOOO(TP*VP)

GO TO 40
32 Fu FKIOO1ITPtVP)

GO TO 40
33 F = FKIO02(TP*VP)

GO TO 40
34 Fs FK1OO3ITPoVP) !"

GO TO 40
35 F a FK1O04 iTPVP)

GO TO 40
36 F a FK1O05 fTPfVP)
40 RETURN

END

All=

I

-I - a _

Vz FI
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21. FPIOOx(T,V)

FPlOOx is a function type subroutine which calculates P(T1 V)

or P(E,V) for material 100x. x must be between 0 and 5 inclusive.

22. FEl00x(TtV)

FEl00x is a function type subroutine which calculates E(TV)

or T(EV) for material 100x.

23. FKI00x(TV)

FKl00x is a function type subroutine which calculates K(TV)

for material 100x.

24. GETVAR (MF 1NV ,F ,VAR ,JV ,OVAR ,C)

GETVAR has as input a dependent variable P. E or K and an inde-

pendent variable of T or V. It returns the other independent variable.

The arguments are:

MF: 1 if P is the dependent variable

2 if E is the dependent variable

3 if K is the dependent variable

NV: l if T is the independent variable

2 if V is the independent variable

F: the value of the dependent variable

VAR: the value of the independent variable

JV: the zone number

OVAR: the other independent variable will be returned here.

C: the coefficient table

SIIPFTC GTVARG
SUBROUTINE GETVAR (MFNVF,VARJVOVARC)

C COMMON CARDS LABELED /IKAI/ AND /IKAIA/ GRflUPS TO BE PLACED HERE
C INTEGER CARD GROUP TO 8F PLACED HERE

REAL KVAL, KZAL, KMIN, KVAX, KDM, KP, KM

A,

F ]

i . .. . '- . . . .



COMMON /TEMC/ TEM(l)
COMMON /VLC/ VICI)
COMMON /MATC/ MAT(l)
DIMENSION CCI)
IF(HATIJV+1).GE*iOOO) GO TO I
CALL GTVIT8(MFNVFVARJVOVARMAT(JV+I),C)
RETURN

1 NCOT-O
IF (NV.EQ.2) GO TO 40

30 OVARP=VL(JV+l)
GO TO 50

40 OVARP-TEM(JV+1)
GO TO 60

50 CALL PEK (MFMAT(JV+1),VAROVARPJV,0,FNC)
CALL PEK (MFMAT(JV+l),VAROVARPJV,2,FPC)
GO 1T3 70

60 CALL PEK (MFMAT(JV+1),OVARPVARJV,OiFNC)
CALL PEK (MFMAT(JV+I)IOVARPVARJV,1,FPC)

70 IF (ASS (FP).GT.2.OE-05*ABS(FN)) GO TO 80
FP%(FP/ABS(FP) )*?.OE-5*ABS(FN)

80 OVARmOVARP4(F-FN)/FP
On ABS( (OVAR-OVARP)/OVAR)
IF (ABS((F-FN)/F).LE.2.E-5) RETURN
IF(O.LE.2.E-5) RETURN
NCOT=NCOT* I
IF (NCOT.LE.iO) GO TO 85

81 WRITE (691010) OVAR,FFNVARMF#NV FI1010 FORMAT (25H0 GTVARG FRMT1OIO OVAR* E14.6t5H Fa. E14*6,6H F
I E14.6,//8H VAR'. E14.6,6H MF's 16,6H NV=. 16

IF (NCOT.LE.15) GO TO 85
IF (NCOT.GT.16) GO TO 83
OVARPa (OVAR+OVARP) 12.
GO TO 90

83 IF (NCOT.LE.21) GO TO 85
CALL EXIT

85 OVARPzOVAR
90 IF(NV.EQ.2) GO TO 60

GO TO 50
END
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25. GTVRTB(MF ,NV,F ,VAR,JV,,OVAR,MA,C)

GVRTB is called by GETAR if the equation of state is tabular.

The calling sequence is the same as for GETVAR. C is the coefficient

table. See REOST paragraph 13.

With tabular equations of state a simple Newton Method is

difficult to apply since our first guess at the independent variable

may not be in the right macro-box, and the coefficients for a macro-

box do not necessarily yield derivatives which reflect the shape of

the entire surface.

Suppose P and T are given and V is desired. The T specifies a

row of macro-boxes in which the P, T, V triplet must lie. In the

Generator section of HAROLD we calculate P(T,V) for the given T and

for each V sequentially until the given value of P is spanned. At

this point we are in the correct macro-box and the regula-falsi method

of interpolation is applied to find the solution while making certain

that we remain in the macro-box.

SI8FTC GYRTAG
SUBROUTINE GTVRTB(MFNVFVARJVOVARMAC)

COMMON /EOSCOM/ MEOS9 IDEOS(6), IORDER(6), IBEGT(396), OUM,
I IBEGV(3#6)9 IBEGC43,6)
DIMENSION F(9)# CUl)
00 10 ITAB=196
IF(IDEOS(MA+l).EQ.IORDERIITAB)) GO TO 20

10 CONTINUE
PRINT 1000

1000 FORMAT I 33H0 GVRTBG FRMT7000 ILLEGAL EDS NO.
RETURN

20 IF(NV.EQ.2) GO TO 100
!V-IBEGV(MF, ITAB)
NVS-IBEGCIMF,ITAB)-IV
VI=C( IV)
CALL PEK(MFoMA#VARtVIJV,0,FltC)
DO 30 1-29NVS
IV- IV+1
V2-CI IV)
CALL PEK(MF9MA9VARV29JVtOF2,C)
IF(((Fl.GE.F)oAND.(F2.LE.F)).OR.(UF1.LE.F).AND.(F2.GE.F)))GOT(
FI-F?
VIxV2

30 CONTINUE
PRINT 7001

7001 FORMAT (50H0 GVRTBG FRMT7001 UNABLE TO SPAN FUNCTION VALUE.
RET URN



40 NCOT=0
VLmV2
IF(F1.LT.F2) GO TO 50
ISGNzI
GO TO 60

50 ISGN=Z
60 Vul(lVG OT

IF(A8S((VLV31/V3).GT.I.E5) G 
O7

OVARxV3
RETURN

70 NCOTwNCOT+t
IF(NCOT.LE.1O) GO TO 80I IF(NCOT.GT.15) CALL EXIT
PRINT 7002t Vl9V2tV3,FltF2tF

3

1002 FO3RMAT 142110 GVRT8G FRMT7002 vi, V2, V3, F11 F2, F3 /6E16*7

80 CALL PEKIMFtMAvVARtV3,jvtoOF
3 9C)

VL =V 3
IFtF3*GT*F) GO TO 95

tF(ISGNoEQ.1) GO TO 90

85 F~zF3
VluV3
GO TO 60

90 F2wF3
v2SV3
GO TO 60

95 IF(ISGN.EQ.1) GO TO 85

GO TO 90

100 IT-I8EGTAI~,ThB)-I
NT!8BEGV(MF, lTAIB)-
TIuC( IT)
CALL PEK(M*,IAT1,VARJVtOtr19C)
00130 Is2,tNT
ITs IT+1
T2-C( IT)

CALL PEK(NMtAvT2,VARJVtOF29C)

Tl-T2
130 CONTINUE

PRINT 1001
RETURN

140 NCOT-O
TI zT 2
IF(F1.LT.FZ) GO TO 150

ISGN-1
60 TO 160

150 ISGN=2
160 T3=Tl-(T1-T2)*F1)/l-F

2 1

IF( lS((TLT3)/T3)GTlE-5) 
GO T0170

OV ARXT3
RETURN
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110 NCOT=NCOTI.
IF(NCOT*LE.1O) GO TO 180
IF(NCOT*GT.151 CALL EXIT
PRINT 7003, Tl*T2tT3tFlF2,F3

7003 FORMAT (42H0 GVRTBG FRMT7003 Ti, T2, TO# Fl, F29 F3 /6E16.7 )
180 CALL PEKIMFMAqT3,VARJVqOF3,C)

TLwT3
IF(F3.GT.F) GO TO 195
IFftSGN.EQ.1) GO TO 190

185 Fl=F3
TI=T3
GO TO 160

190 T2=T3
F2*F3
GO TO 160

195 IF(USGN.EQ.1) Ga TO 185
GO TO 190
END
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26. GETTV(NF1,NF2,TVPF1,F2,,TN,,VN)

GETTV has as input two dependent variables and returns the two

independent variables. The Newton-Raphson method is used.

NFl: 1 if Fl is P

2 if Fl is E

3 if Fl is K

NF2: same for F2

JV: zone number

Fl and F2: dependent variables

TN and VN: independent variables

SNIFTC GErrV REF
SUBROUTINE GETTV (NFINF?tJVF1 ,F2tr'%,VN)

C COMMON CARDS LABELED /IKAI/ AND /IKA1A/ GROUPS TO BE PLACFID HERE
C [NTEGFR CARD GROUP TO BE PLACED HFRE

REAL KVAL, KLAL, KMIN, KP'AX, KDM, KPI KM
COMMON /TEMC/ TEPMl
COMMON /VLC/ VLtI)
COMMrJN /MATC/ MAT(fI
!F(PAr(JV+1).GF.1OOP) GO TO 5
WRIrE (69100O1)

1001 FORMAT(30HOGETTV CAILLED FOR TABULAR EOS.
RE TURN

5 NCOT=O
14 SW 0
AMP= 1.E+i8

10 TN=fEM(JV+1)
VN=VL (JV+ 1)

20 CALL PEK (NF1,MAT(JV'1),TNVNtJV,0,CNlC)
CALL PEK (NF?>,MAT(JV*1) ,TN,VN,JV,0,F.N2,C)
CALL PEK (NF1,MAT(JV+1) ,TNVN,JV,2,"IlVC)
CALL PEK (NF2,9MAT(JV+1 ) TN,VN,JV,2,FN2VtC)
CALL I'FK (NFlIMAr(JV+1) ,rN,VNtJ,vNlTC)
CALL PEK (NF2,MAT(JV-1) ,TN,VN,JV,1,FN?T,C)
D= FNIT*FN2V-FNlV*FN2r
IF (D.NF.O.) GO TO 40
ERFLAG=1t
WRITF (6,1000)

1000 FORMAT (IH0,36H t***** tvipnr tN G[ TTV--JACCIBIAN=0.
30 RETUR.N
40 TOIF=( (FI-FNl)*FI2V-(F?-FN2)*FN1V )/L,

TN=T,%+rTO I F
VN= Vli4-Vf~l F
IF (NCSW.E&,)U) (.n TV 4?

41 WRITF (6,100 ) TN,VN,Tf)IFIVDIF,f-'1,FN2
1005 FORMAT (IHO, 3X,3HTN=E 14.6, IX, 1I4V'I=FI?4.6,3X,5HiTOIF=E14.6,3X,SHVDIF=

1 E14.6/ Ii ,3X,4iFt'1ltEI4.6,3X,4HFf,12=FI4.6)
4? AMP =TOIF**?+VOIF**?

4t4 IF (AMP .LT.l.E-%)5) -PO Tf 36
NCOT=NCO11 +1
IF (NCWIT.GT. 10) GO TO 45
GO TO1 20

45 INCSW=1
IF (NC'JT.CT.15) CALL EXIT
4,0 TO 20
END
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27. SOURCE

SOURCE is called by GENRAT. It reads and interprets the

RSOURCE and ZSOURCE cards.

IZ is index from 1 to 10 denoting the number of the zone source

JS(IZ) is the zone into which the IZth source is going

NZS(IZ) the number of steps in the IZth source

NZSRCE the total number of source step functions or IZMAX

EZS(KSIZ),TMS(KSIZ) the Kth step of the IZth source

IR is the index from 1 to 10 denoting the number of the region

source

RS(TR) the region into which the IRth source is going

NRS(IR) NZS(IZ)

NRSRCE) )comparable to ( NZSRCE

ERS(KS ,IR) ,TMRS(KS,IR)] EZS(KSIZ) ,TMS(KSIZ)

There are a maximum of 10 source functions for zones and regions.

If, for example, you had a 12 region problem you could put sources

in, at most, 10 of the regions. You could also put sources in 10

zones.
and IZM, =10

There are at most 6 steps in each source function: KSM = 6.

iIBFTC SOURCE REF
SUBROUTINE SOURCE

C COMMON CARDS LABELED /IKAI/ AND /IKAIA/ GROUPS TO BE PLACED HERE
C INTEGER CARD GROUP TO BE PLACED HERE

REAL KVALi KZAL, KMIN, K1AAX, KOM, KP, KM
INTEGER SRCESWtRS
COMMON /ZURC/ZSOURC
COMMON /RURC/RSOURC
COMMON /BYBB/ BDRYBR
COMMON /CBIN/ COMBIN
COMMON /ZMPE/ ZTEMPE
COMMON /PCEN/ PERCEN
COMMON /FATA/ ENDATA
COMMON /EQ/EEQ
COMMON /TPQ/ TMEQ
COMMON /BLNK/PLANK
IR=1
SRCESW=O
NRSRCE=O
NZSRCE=O

IZ=1
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4 IF ICARO(l).NE*ZSOURC) GO TO 140
SRCE SW- 1
NZSRCEwNZSRCE41
NzS( IZ)ul

41 KSIl
IF ISRCESW.NE.1) GO TO 150

JS( IZ)uCARD(2)
5 FIELONsI
WLAB=CARD( 3)

7 IF IWLAB.NE.EEQ) GO TO 10
IF (FIELVN.EQ.2.OR.FIELDN.EQ.4) GO TO 200

8 IF 4SRCESW.NE.1) GO TO 60
IF (FIELDNEQ.l) ES(KSIZ)wCARD( 4)
IF (FIELDN.EQ.3) ES(KSIZ)wCARD( 8)
GO TO 70

10 IF (WLAB.NE.TMEQ) GO TO 20
IF CFIELDN.EQ.I.OR.FIELDN.EQ.3) GO TO 210

12 IF (SRCESW.NEoI) GO TO 80
IF IFIELDN.EO.2) TMS(KSIl)nCARDI 6)
IF (FIELDN.EQ.4) TMS(KStIZ)mCARD(lO)
GO TO 85

20 IF (WLAR.NE.BLANK) GO TO 130
IF IFIELDN*EQ.1) GO TO 50
IF IFIELDN.NE.2) GO TO 30
IF (KS.LE.1) GO TO 35

25 ERFLAGul
WRITE 46,1005)
WRITE (691) (CARD(1)9101#I0)

1005 FORMAT (IHO,33H SOURCE FRMT100S TM IS EXPECTED. I
IF(FIELDN.EQ.4) GO TO 45

GO TO 110
30 IF (FIELDN.EQ.4) GO TO 25

GO TO 45
35 IF (SRCESW.NE*1) GO TO 90

TMSI(1 I)=.E+l0
K SaKS 4
GO TO 45

45 READ (5,1) (CARD(I)tlultl0)
I FORMAT (A6,F6*O,4(A3vE12*6))

IF (CARD(1)*NE.BLANK) GO TO 48
IF (KS.GT.2) GO TO 5
ERFI AG-I
WRITE (691040)

1040 FORMAT (IHO,47H SOURCE FRMT1040 CARD PRECEDING IS INCOMPLETE.
GO TO 5

48 IF (SPCESW.NE.1) GO TO 49
NZS( IZ)KS- I
I ZU 1 14
GO TO 4

49 NRS( IR)xKS-I
[R- IR+1
GO TO 4

50 ERFLAG1l
WRITE (6,1015)
WRITE (6,1) (CARD(I),11,10o)

1015 FORMAT (1H0,39H SOURCE FRMT1015 FIRST FIELD IS BLANK. I
SGO TO 100
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60 IF IFIELDN.EQ.1) ERS(KStIR)=CARD( 4)

8IF (FIELON.EQ.1) TMRS(KSIR)uCARD( 6)

IF (FIELDN.EQ.41 TMRS(KStIR)=CARD(10)
85 KS-KS+l

GO TO (210,11O,210,4519FIELDN
90 TMRS(ItIR)a1.Ee10

KS=KS~l
GO TO 45

100 WLAB=CARD(5)
FIELDN-2
GO TO 7

110 WLAB=CARD(7)
FIELDN-3
GO TO 7

120 WLABaCARD19)
FIELDN=4
GO TO 7

130 ERFLAGxl
WRITE (691020)
WRITE (6#1) (CARD(fiI-1,101

1020 FORMAT (1HO,41H SOURCE FRMT1020 CARD HAS ILLEGAL LABEL. I
GO TO (100,110,120945),FIELDN

140 IF (CARDII).NE.RSOURCI GO TO 180
SRCESW=2
NRSRCE-NRSRCE+1-
NRS( IR)u1
GO TO 41

150 PS(IR)=CARO(2)
GO TO 5

180 IF (CARO(1).EQ.BDRYBB) RETURN
IF (CARO(1).EQ*COMBIN) RETURN
IF (CARO(l).EQ.ZTEMPE) RETURN
IF (CARD(l).EQ.PERCEN) RETURN
IF (CARD(1).EQ.ENDATA) RETURN
ERFLAGz1

WRITE (691050)
WRITE (6,1) (CARD(I),I-l,10)

1050 FORMAT (IHO,31H SOURCE FRMT105Q ILLEGAL CARD. I
GO TO 4

200 ERFLAG-1
WRITE (6,1030)
WRITE (6,1) (CARD(I),I-1,10)

1030 FORMAT (lHO,46H SOURCE FRMT1030 CANIT HAVE E VALUE IN SECOND
1,17H OR FOURTH FIELD. /)
GO TO 1 8 9110, 8 , 45),FIELDN

210 ERFLAGxl
WRITE (6,1035)
WRITE (6,1) (CARD(I),I=1,10)

1035 FORMAT (IH0,47H SOURCE FRMT1035 CAN'T HAVE TIME IN 1ST OR 3RD
1, 7H FIELD. I
GO TO (100, 12,120, l2),FIELDN
END
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28. BOUND

BOUND is called by GENRAT. It reads and interprets the

BOUNDARY cards.

SIFFTC BOUND REF
SUBROUTINE BOUND

C COMMON CARDS LABELED /IKAI/ AND /IKAIA/ GROUPS TO BE PLACFD HERE
C INTEGFR CARD GROUP TU BE PLACED HERE

REAL KVAL, KLAL, KMIN, KMAX, KOM, KP, KM
COMMON /BYBB/BDRYBB
COMMON /CBIN/ COMBIN
COMMON /ZMPE/ ZTEMPE
COMMON /PCEN/ PERCEN
COMMON /EATA/ ENDATA
COMMON /MNMX/MINgB,MAXB8
REAL MINBBMAXBB,KEO
COMMON /UO/UEO
COMMON /PQ/PEQ
COMMON /EQ/EEC
COMMON /KO/KFO
COMMON /TO/TFO
COMMON /RINK/RLANK
COMMON /TMQ/TMEQ

8 IF (CARD(1).NF.RDRYMB) (;O TO 510
MLAB=CARD(2)
IF (MLAI.NE.O) (,0 Tu 100
fDRYSV= 1

9 KS=1
10 WLAB=CARD(3)

FIELON=1
IF (KS.GT.1) GO TO 20
IF (WLAB.EQ.UEQ ) GO TO 120
IF (WLAR.EQ.PEO) GO TO 130
IF (WLA8.EO.EEO) GO TU 140
IF (wLAR.FQ.KEW) GO TO 15O
IF (WLAB.EO.TEQ) GO TO 160
IF(w1.A9.1Q.RLANK) GO TO 265

15 ERFLAG=1
WRIT[ (6,1000)
WRITF (6,1) (CARIC1),1=1,10)

1000 FORMAT (1HO,44H ROUND FRMTIO00 FOLLOWING CARD HAS ILLEGAL
I, 7H LABEL. I)

GO TOI qo
20 GO TO (420,440,470,490, 170),PTYPE
40 IF (WLAII.EQ.TMEP) GO T' 200

GO TO 15
45 (,O T{1 ( 60, 70t, 80, 90) , IELON
60 NLAB=CARD(5)

FIELnN=2

IF(WLAH.EO.6LA.NK) GO TO 270
GO0 TO 40
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70 WLAB-CARD(7)
FIELDN=3
IF(WLAB.EQ.BLANK) GO TO 350

GO TO 20
80 WLAB-CARD(9)

FIELDNx4
IF(WLAB.EQ.BLANK) GO TO 400
GO TO 40

90 READ (591) (CARD(I),Izll)
1 FORMAT (A6vF6.0,4(A3vEl2.b))

IF (CARD(1),EQ.BLANK) GO TO 10
GO TO 350

100 IF (MLAB.NE.1) GO TO 110
105 BDRYSWw?

GO TO 9
110 ERFLAGa1

WRITE (691005)
WRITE (691) (CARD(lbitil,10)

1005 FORMAT (lHOt48H BOUND FRMT1005 BOUNDARY CARD FOLLOWING HAS NO
1,16H 'MAX' OR 'MIN'. I
GO TO 105

120 bTYPE-5
GO TO 180

130 RTYPE=3
GO TO 480

140 BTYPE-1
GO TO 430

150 BTYPE=2
GO TO 450

160 OTYPE-4
GO TO 500

170 IF(WLAB.NE.UEQ) GO TO 15
180 GO TO (1829184)vBDRYSW
182 IF (FIELDN.EQ.1) UMIN(KS)-CARD( 4)

IF (FIELDN.EQ.3) UMIN(KS)*CARO( 8)
GO TO 45

184 IF (FIELON.EQo1) UMAX(KS)xCARD( 4)1
IF (flELDN.EQ.3) UMAX(KS)-CARD( 8)
GO TO 45

200 GO TO (202,204),8DRYSW
202 GO TO (240vZ30t220t2l0t206)t8TYPE
204 GO TO (245,2359225t215,208),BTYPE
206 IF (FIELDN.EQ.2) TUMIN(KS)=CARD( 6)

IF (FIELDN.EQ.4) TUMIN(KS)aCARD(lO)
GO TO 250

208 IF (FIELDN.EQ.2) tUMAX(KS)=CARD( 6)
IF (FIELON.EQ.4) TUMAX(KS)zCARD(10)
GO TO 250

210 IF (FIELDN.EQ.2) TTMIN(KS)-CARO( 6)
IF (FIELON.FQ.4) TTMIN(KS)-CARD(10)
GO TO 250

215 IF (IELDN.EQ.2) TTMAX(KS)=CARD( 6)
IF (FIELDN.EQ.4) TTMAXIKS)xCARD(10)
GO TO 250
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220 IF (FIELDN.EQ.2) TPMIN(KS)xCARD( 6)
IF (FIELON.EQ.4) TPMIN(KSI-CARD(1O)
GO TO 250

225 IF (FIELDN.EQ.2) TPMAX(KS)=CARDI 6)
IF (FIELDN*EQ.4) TPMAX(KS)mCARD(10)
GO TO 250

230 IF (FIELDN.EQ.2) TKMIN(KS)-CARO( 6)
IF (FIELDN.EQ*4) TKMIN(KS)*CARD(i0)
GO TO 250

235 IF tFIELDN.EQ.2) TKMAX(KS)*CARD( 6)
IF (FIELDN.EO.4) TKMAX(KS)sCARD(1O)
GO TO 250

240 IF (FIELDN.EQ.2) TEMIN(KS)=CARD( 6)
IF (FIELDN.EQ.4) TEMIN(KSI-CARO(IO)
GO TO 250

245 IF (FIELDN.EQ*2) TEMAX(KS)-CARD( 6)
IF (FIELDN.EQ.4) TEMAX(KS)-CARD(1O)

250 KS-KS+l
GO TO 45

265 ERFLAG~l
WRITE (691020)
WRITE (6,1) (CARD(I)91111O)

1020 FORMAT (lHO945H BOUND FRMT1020 FIRST FIELD CAN'T BE BLANK. I
GO TO 90

270 IF (KS.LE.1) GO TO 280
ERFLAG-l
WRITE (6t1025)
WRITE (691) (CARD(I),Izi,10)

1025 FORMAT (IHO,49H BOUND FRMT1025 CANIT HAVE 2ND FIELD BLANK WITH
1,21H MORE THAN ONE INPUT. I
GO TO 45

280 GO TO (290,295),BDRYSW
290 GO TO (3309324931693089300),BTYPE
295 GO TO (3329326,3189310,302),BTYPE

300 NUMIN-1
TUMIN( 1)xl.E+ll
GO TO 340

302 NUMAX=I.

GO TO 340
308 NTMINul

TTMIN(l)21.E+ll
GO TO 340

310 NTMAXml
TTMAX( l)=1.E41I
GO TO 340

316 NPMIN~l
YPMIN(l1)xl.E+ll
GO TO 340

318 NPMAX~l
TPMAX( 1~z1.E+ll
GO TO 340



-229-

324 NKMIN-I
TKMIN(l)-I.E+1l
GO TO 340

326 NKMAX01
TKMAXII)al.E 1l
GO TO 340

330 NEMINal
TEMIN(1)-I.E+11
GO TO 340

332 NEMAX-I
TEMAX(i)-t.E+tl

340 READ 15,1) (CARDM!)OI-IIO)
GO TO 8

350 KS=KS-1
GO TO 1355t360)#BDRYSW

355 GO TO (36 4t370,3769384,390)9BTYPE
360 GO TO 136 6 0372380386392)PBTYPE
364 NEMINwKS

GO TO 340
366 NEMAX=KS

GO TO 340
370 NKMIN=KS

GO TO 340
372 NKMAX=KS

GO TO 340
376 NPMINUKS

GO TO 340
380 NPMAX-KS

GO TO 340
384 NTMIN-KS

GO TO 340
386 NTMAX=KS

GO TO 340
390 NUMINwKS

GO TO 340
392 NUMAXwKS

GO TO 340
400 ERFLAG-1

WRITE (6#1030)

WRITE (691) (CARDII),I"1O)

1030 FORMAT (1H0942H BOUND FRMTI030 ITM=t IS EXPECTED ON THE

1,16H FOLLOWING CARD. /I
GO TO 90

420 IF (WLA8.NE.EEQ) GO TO 15
430 GO TO (432,434),BDRYSW
432 IF (FIELDN.EQ.1) EMIN(KS)=CARD( 4)

IF (FIELDN.EQ.3) EMIN(KS)-CARD( 8)
GO TO 45

I: F
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434 IF (FIELDN.EQ.1) EMAX(KS)-CARD( 4)
IF (FIELDN.EQ.3) EMAX(KS)-CARD( 8)
GO TO 45

440 IF (WL-AB.NE.KEQ) GO TO 15
450 GO TO (452,454bBD0RYSW
452 IF (FIELDNoEQ.1) KMIN(KS)-CARD( 4)

IF (FIELDN*EQ.3) KMIt4(KS)xCARO( 8)
GO TO 45

454 IF (FIELDN.EQ.1) KMAX(KS)-CARD( 4)
IF (FIELDN.EQ.3) KMAX(KS)-CARD( 8)
GO TO 45

410 IF (WLAB.NE.PEQ) GO TO 15
480 GO TO (4829484)BfDRYSW
482 IF (FiELDN.EQ.1) PMIN(KS)=CARD( 4)

IF (FIELDN.EQ.3) PMIN(KS)-CARD( 8)
GO TO 45

484 IF (FIELDN.EQ.1) PMAX(KS)-CARD( 4)
IF (FIELDN.EQ.3) PMAX(KS)&CARD( 8)
GO TO 45

490 IF CWLAB.NE.TEQ) GO TO 15
500 GO TO (5029504),BDRYSW
502 IF (FIELDNoEQ.1) TMlN(KS)-CARD( 4)

IF CFIELDN.EQ.3) TMIN(KS)-CARD( 8)
GO TO 45

504 IF (FIELDNoEQ.1) TMAX(KS)*CARD( 4)
IF (FIELDN.EQ.3) TMAX(KS)-CARD( 8)
GO TO 45

510 IF (CARD(l).EQ.COMBIN) RETURN
IF (CARD(l).EQ.ZTEMPE) RETURN
IF (CARD( 1).EQ.PERCEN) RETURN
IF (CARO(1).EQ.ENDATA) RETURN
ERFLAGZ j

WRITE (697000)
WRITE (6,1) (CARD(1),I1,110)

7000 FORMAT (1HO931H BOUND FRMT7000 ILLEGAL CARD.*I
READ (5,1) CARD
GO TO 8
E ND
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29. COMB

COMB reads and interprets the COMBINATION CARD.

rIF-rC. CUMP" Pt-F
SUBR'1LjfrINF COMtP

C CoMImili4 CAPI)S LAI -LI H / H-AI/ At'd) /I KA I W (,RUIPS TO bU PLACED HERF
r INT[-(FR C ARo GR(lIJP TO Hk- PLACFl14 PI -

REAL KVAL, KLALt KtVI\, KPAX, Kf N, KP, YM

COMPON /C(AIN/COUr'IN
COMMON /Z?'PF/ lTLml'E
COMMPN /PC q~/ PE RCL't
COIMMON~. /ff ATA/ F* rATA
cI)mmO~j /J Z . )! ZJL)~r
COMMONh /J~lE0/lJSFO,

(L'MMfWN /JORQl/RECF

CO1MMON fBLtNK/BLAMIK

10 IF (CAR0( I1I . iF.C,MRt'N ) 60i TO 1 70
IF (NS.I.E.U) GO Ttl 16)0

30 WLAF=CARD( 3)
FIELDN=l

40 I F (i,LAR. NEL. ZJOF'. ) GO( T", 50
IF (F 1ELDNI.EQl.l) JJ=CAPD( 4)
IF (F IILDN.FK..2) JlO=CAPI)( 6)Il
IF (FIF.ONJ.F: ).3) J')=C A 4L"( 8)
IF (FIF.LOIJ.L-X4) JO)=CARO( 10)

45 (, TO (eC , 9,100,11U),FI-Ll4
50 IF (VtL R.N-.jJSC .) GO TO 60

IF (FIELDN.1.13.1) J0jS=CAt U( 4)
IF (F!ELON.L .2) JOS=CARO( 6)
lF (FIFLUN.F .3) J(;$=CARDC 8)
i- (FIELDN.LG.4) JO'J=CA'(D( 10)
(G0 TO 41)

60 IF U.WLAb.NE.1JMFQ) GO TO 70
IF (Fit-LDN.LQ,.1) J0,W=CAPD( 4)
IF (FIFLI)N.FQ.2) JO'A=CAPO( 6)
IF (FIi-LDN.E(J.3) JO'4=CARO( 9)
IF (FIELDN.F).4) JOM=CARD( 10)
(,0 TO) 41)

70 IF (WL-Akl.NE.DREw) GO TO 140
IF (FIELON.F.).I) DWC=CARD( 4)
IF (FIELON.F0.2) L)qC=CA40( 6)
IF (FIELDN.F'.3) DRC=CARO( R )
ITF (FIL)N.EQ.4) DRC=CARD( 10)
60 TOI 45

80 WLAli=CA'0(5)
FIELflN=2
GO Ti' 4')

00 iLAB=CARD(7)
FIELDN=3
C-1i I'll 40i
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lOO WLAB=CARD{9)
FIELDN=4
GO TO 40

110 IF INS.GT.O) GO TO 120
IF (JOLT.O) GO TO 130
IF (JOS.LT.0) GO TO 130
IF fJOM.LT.O) GO TO 130

120 READ (591) (CARD(i)IalvIO)
I FORMAT (A6,F6.04(A3,EI2.6))
RETURN

130 ERFLAGml
WRITE (6,1000)

1000 FORMAT (IHO49H COMB FRMT1000 INSUFFICIENT DATA FOR COMBIN
It 7H ZONES. I)
GO TO 120

140 IF (WLAB.NE.RLANK) GO TO 150
GO TO 45

150 ERFLAG=1
WRITE (6,1005)
WRITE (6tl) (CARD(1)I=l10)

1005 FORMAT (IHO,32H COMB FRMTIO05 ILLEGAL LABEL. I)
GO TO 45

160 JO=-
JOS--I
JOM=-I
GO TO 30

170 IF (CARD(1).EQ.ZTEMPE) RETURN
IF (CARD(I).EQ.PERCEN) RETURN
IF (CARD(1).FQ.ENDATA) RETURN
ERFLAG=I

WRITE (6,1010)
WRITE (6,1) (CARD(I),I=1IO)

1010 FORMAT (HO, 31H COMB FRMTIOIO ILLEGAL CARD. I)
GO TO 10

END

f.,e,-
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30. TMPRED

TMPRED reads and interprets the ZTEMPE-RATURE card. It is

called by GENRAT..

sIRFft TMPRD REF
SUBROUTINE TMPRD

C COMMON CARDS LABELED /IKAJ/ AND /fKAIA/ GROUPS TO BE PLACED HER
C INTEGER CARD GROUP TO) BE PLACED HERE

REAL KVAL, KIALt KMIN, K?,AX, KOM, KP, K-M
COMMON /TFMC/ TFP.(1)

COMMON /IICIU( 1)
COMMON /LMPE/ZTEMPE
COMMON /PCEN/ PEIRCEN
COMMON /FATA/ ENDATA
COMMON /ZJQ/ZJEQ
COMMON /Z2Q/Z2EQ
COMMON /JLQ/LJLEO
COMMON /6LNK/RLANK
IF (NS.LF.0) GO ro 150

to IF (CARD( t) .iE.z-rEMPF) CC, to 11
20 FII:LON=1

WLAB=CAiD ( 3)
30 IF (WLAI .14E.ZIEO) CU TO) 'O

IF (FIELDN E01~ Z1=CAKi,( 44~
IF (FIELD-14:-.21 1lCAR0)1 ol
IF (FIELDN.C:).3) LL=CAR(V 81
IF (FIF-LON.C0.4) i1=CAPD(1O)

35 GO TO ( 80, )0,1U0qj0),1-IEL1'N
4(0; IF (WLAA.,NE.Z2EOj) GO T(J SO

IF (FIELDN.E(Q.11 Z?=CAP!D( 4)
IF (FTELON.EO.2) 12=CAPD( 6)
IF 1FIELON.FQ.3) Z?=CA.0(( 8)
IF (FJELON.f-O.4) 72=CARD(I0)
GO 0 T 35

5i0 IF fCWLA.NE.1JLtzC) GO TO) 60
IF (FIFLONJCU.1) JL=CARD( 4)
IF (FTELON.60.2) JL=CARD( 6)
IF (FTFLDN.[C4.3) JL=CAPRO( 3)
IF (FIELOIN.E(,.4) JL=CARO(1O))

GO T," 359
60 IF (wLAR.NE.4LANK) GO fli 70

70 L'RFL-A(;=I
WR I T (6, 1000)

I C 0(; nrRVA T ( IHO, 32H TMPR 0 FRVIT I iOG, ILLFGAL LABEL. I
rCU 1(1 is

rFLPN=?
GO rn 3f.;

)0 -LAB=CARO(C7)
FfELPNz3
I-0 III VI
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100 WLAO-C&RD(9)
FIELDN44
GO TO 30 lSA',M~TMIt()ZI2

110 CALL JHT(JHATJTR.MXrM1,('PIZ
i'FICARD(1).NE LTEMPE) RETURN

115 READ 1591) (CARD(l3,131,1o)
IFORMAT (A6#F6.0t4(A3,El2--6))

4ER RETURN

12s-l.

JI 201
GO TO 10

11 IF(NS.NE.O) RETURN
GO TO 110

'END
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31. JHT('jj*jmaxUZIZ2)

JHT is called by TMPRED to determine j and j~. The deck named

JHTT is used if Z2 is a temperature, and JHTU is used if Z2 is a

velocity.

$IBFTC JHTT REF
SUBROUTINE JHTIJHATJST,,44AAX-jMxTEMUt1 .12)
DIMENSION TEM(i)'j,tI)

120 JHATzJMAX
JSTAIR=JMAX
J-JMAX

122 IF 1TEM(J+1 ).LT.11 G6O TO11 127
124 IF (TEM(J+1).LTd.,2), GO; TO 128

IF (IEM(J+1).GE.Z2.ANO.TEM(J+1).GE.L-1)- GO TO 129
126 J=J-1

IF (JALE. I) GO TO- 419
GO TO 122

127 JSTAR-J+1
GO TO 124

128 JHAT-J+1
GO TO 126

129 IF MZ.EQ.O.) JSTAR(=O
RETURN -
END

SIBFTC JHTU REF
SUBROUTI NE JHT( JHAT ,JSTARJMAX ,TEMU, 11, 2)
DIMENSION TEM(1)MI)

120 JHAT=JMAX
JSTAR=JMAX
J=JMAX

122 IF (TEM(J+14.LT.Zl) GO TO 127
124 IF (U(J).LT.Z2) GO TO 128

IF(U(J).GE.Z?.AND.TEM(J+1).(;E.Zl) GO TO 129
126 JzJ-1

IF(J.LE.l) GO TO 129I

127 JSTAR-J41
GO TO 124

128 JHAT-J+1
GO TO 126

129 IF(l1.EQ.0.) JSTAR =0
IF(JHAT.LE.1) JHATz2
RETURN
END
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32. PERC

PERC reads and interprets the PERCENTS cards. It is called

by GENRAT.

$IBFTC PERC REF
SUBROUTINE PERC

C COMMON CARDS LAWr ED /IKAI/ AND /IKAIA/ GROUPS TO BE PLACED HERE
C INTEGER CARD GROUP TO BE PLACED HERE

REAL KVAL, KLAL, KMI1Nt KNAX, KDMq KP, KM
COMMON /PCEN/PERCEN
COMMON /EATA/ ENDATA
COMMON IXlQ/XIEQ
COMMON /X2Q/X2EQ
COMMON /X3Q/X3EQ
COMMON IX4Q/X4EQ
COMMON /XS0/XSEO
'COMMON /X60/X6EQ
COMMON /BLNK/BLANK

10 IF (CARD(1)*EQ.PERCEN) GO TO 1.5
IF (CARD(1),EQ.ENDATA) GO TO 12
WRITE (6v1020)
WRITE (6,1) (CARD(I),I=1910)

1020 FORMAT (IHO,32H PERC FRMT1020 ILLEGAL LABEL* I
READ (591) (CARD(I)9I1110)

1 FORMAT (A69F6.0,4(A39E12.6))
GO TO 10

1,2 IF INS.EQ.0) WRITE (691000)
RETURN

15 IF (NS.cT.O) GO TO 2:0

X2__11
X3--t.
X4u-1.
x5=-19

X6-1.o

20 FIELDNzl
30 IF 4WLAIB.NEoX1EQ) GO TO 40

IF (FIEIDN.EQ.1) Xl=CARD( 4)
IF (FIELDN.EQ.2) XI=CARD( 6)
IF (FIELDN.EQ.3) Xl=CARD( 8)
IF (FIELON.EQ.4) XI-CARD(10)

35 GO TO (150,160,170il0O),FIELDN
40 IF (WLAB.NE.X2EQ) GO TO 50

[F (FIELDN.EQ.1) X2=CARD( 4)
IF IFI.LDN*EQ.2) X2=CARD( 6)
IF (FIELDN.FQ.3) X2=CARD( 8)
IF (FIFLDN.EQ.4) X2=CAkD,(1O)
GO TO 35

50 IF (WLAB.NE.X3EJ) GO TO 60
IF (FIELDN.FQ.1) X3=CARD( 4)
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IF IFIELDN.EQ.2) X3=CARD( 6)
IF (FIELON.EQ.3) X3*CARD( 8)
IF (FIELDN.EQ,4) X3mCARD( 10)
GO TO 35

60 IF (WLA8.NE.X4EQ) GO TO T0
IF (FIELDNoEQ.I) X4mCARD( 4)
IF (FIELDN.EQ.21 X4-CARD( 6)
IF (FIELON.EQ.3) X4=CARD( 8)
IF (FIELDN.EQ.4) X4waCARD(l0)
GO TO 35

70 IF (WLAB.NE.X5EQ) GO TO 75
IF (FIELON.EQ.1) XS=CARD( 4)
IF (FIELDN.EQ.2) X5-CARD( 6)
IF (FIELDN.EQ.3) X5,-CAR',?( 8)
IF (FIELDN.EQ.4) X'I=CARD(l0)
GO TO 35

75 IF (WLAB.NE.X6EQ) GO TO 80
IF (FIELDN.EQ.1) X45=CARD( 4)
IF (FIELDN.EQ.2) Xb-CARD( 6)
IF (FIELDN.EQ.3) X6=CARD( 8)
IF (FIELDN*EQ.41 X6-CARD(I0)
GO TO 35

80 IF (WLAB.NE.8LANK) C;Q TO 130
GO TO (120,9990,90),FIELDN

90 IF (NS.GT.O) GO TO 100
IF (XI.LT.O.)GO TO 110
IF (X2.LT.OJ)GO TO 110
IF (X3.LT.O.)GO TO 110
IF (X4.LT.0.)GO TO 110
IF (X5.LT.O.)GO TO 110
IF IX6.LT.O,)GO TO 110

100 READ (5,1) (CARD(1)91t1,1)
IF (CARD(l).EQ.BLANK) GO TO 20
RE TURN

110 ERFLAGul
WRITE (691000)

1000 FORMAT (1H0,48H PERC FRMTIOOO INCOMPLETE PERCENT DATA GIVEN. I
GO TO 100

120 ERFLAG-1
WRITE (6,1010)
WRITE (6,1) (CARD(I),I=1,10)

1010 FORMAT (IHO,43H PERC FRMT1010 FIRST FIELD IS BLANK ON-- I
GO TO 35

130 ERFLAGx1
GO TO 100

150 FIELDN-2
WIAB-CARD (5)
GO TO 30

160 FIELON-3
WLAB=CARD( 1)
GO TO 30

170 FIELDN-4
WLAB=CARD (9)
GO TO 30
END
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33. GETIAB(N1,N2,WLAB) (RAND version only)

GETLAB gets the BCD from columns NI to N2 of the twelve BCD

words, CARD(I), 1=1,12, (a single card image) and returns them in

WLAB, left adjusted and filled in at the right with BCD blanks.

34. CONVRT(FIELDN,N ,ANS) (RAND version only)

CONVRT converts the information found in columns 16-27, 31-42,

46-57 or 61-72 of the BCD card image CARD(I), 1=1,12 as FIELDN is

1, 2, 3 or 4 respectively. The columns are converted to an integer

or floating point number as N is I or 2 respectively and the results

are stored at ANS.

35. CHGWD(XJF) (RAND version only)

CHGWD rereads a variable as an integer or floating point number.

36. IKAERR

IKAERR prints a message and calls exit when ALIBI is reached

illegally.

$IBFTC IKAFRR REF
SUBROUTINE IKAERR

PRINT 7000
7000 FORMAT (24HOALIBI HAS BEEN REACIED.

CALL EXIT
FND

37A. ALIBI (RAND version)

ALIBI is a collection of dummy entry points to all the possible

analytic equation of state routines so only those being used need

actually be included in the deck. The entry points contained are:

FP1000 FEIOO0 FK1000

FPIOOl FEO01 FKIOOl

FP1002 FE1O02 FK1002

FP1003 FE1O03 FK1O03

FP1004 FE1O04 FK1O04

FP1005 FE1O05 FKIO05

37B. ALIBI (All-FORTRAN version)
Prints out a message that "ALIBI HAS BEEN REACHED."

$IBFTC ALIBI REF
SUBROUTINF ALIBI

CALL IKAERR
RETURN
END
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$IBFTC FP1000
FUNCTION FPIOOO(TV)
CALL IKAERR
RETURN
END

$IBFTC FP100I
FUNCTION FPIOOI(TV)
CALL IKAERR
RETURN
END

$IBFTC FP1O02
FUNCTION FPIOO2(T,V)
CALL IKAERR
RETURN
END

$IBFTC FP1OO3
FUNCTION FPLOO3(TtV)
CALL IKAERR
RETURN
END

$IBFTC FPIOO4
FUNCTION FPlOO4(TV)
CALL IKAERR
RETURN
END

$IBFTC FP1005
FUNCTION FP1005(TV)
CALL IKAERR
RETURN

END
$IBFTC FEO00

FUNCTION FELOOO(TV)
CALL IKAERR
RETURN
END

$IBFTC FEI01
FUNCTION FE1OOi(TtV)
CALL IKAERR
RETURN
END

$IBFTC FELO02
FUNCTION FE1O02(TV)
CALL IKAERR
RETURN
END

$IBFTC FE1003
FUNCTION FEIOO3(T,V)
CALL IKAERR
RETURN
END

$IBFTC FE1O04
FUNCTION FELOO4(T,V)
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CALL IKAERR
RETURN
END

$IBFTC FElOO5
FUNCTION FE005(TV)
CALL IKAERR
RETURN
FND

$IBFTC FKIO00
FUNCTION FKLOOO(TwV)
CALL IKAERR
RETURN
END

SIBFTC FK1O01
FUNCTION FK100I(TtV)
CALL IKAERR
RETURN
END

SIBFTC FKIO02
FUNCTION FKLOO2(TtV)
CALL IKAERR
RETURN
END

$IBFTC FKIO03
FUNCTION FKIOO3(T#V)
CALL IKAERR
RETURN
END

$IBFTC FKIO14
FUNCTION FKIOO4(T,V)
CALL IKAERR
RETURN
END

SBFTC FKIO05
FUNCTION FKIOO5(TV)
CALL IKAERR
RETURN
FND

$IBFTC DROA
SUBROUTINE ROA(C)
CALL IKAERR
RETURN
END

$JBFTC DPET

SUBROUTINE PET
CALL TKAERR
RETURN
END

$IBFTC DTSR
SUBROUTINE TSR(C)
CALL IKAERR
RETURN
END
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SIBFTC DROAXP
SUBROUTINE ROAEXP(C)
CALL IKAERR
RETURN
END

$IBFTC DTSRXP
SUBROUTINE TSREXP(C)
CALL IKAERR
RETURN
END

$IBFTC OCDR
SUBROUTINE CDR(C)
CALL IKAERR
RETURN
END

$IBFTC DROAMP
SUBROUTINE ROAIMP(C)
CALL IKAERR
RETURN
END

SIFTC OROB
SUBROUTINE ROB(C)
CALL IKAERR
RETURN
END

$IBFTC DROC
SUBROUTINE ROC(C)
CALL IKAERR
RETURN
END

SIBFTC DRDI
SUBROUTINE RDI(C)
CALL IKAERR
RETURN
END

SIBFTC DROD
SUBROUTINE ROD(C)
CALL IKAERR
RETURN
END

$IFTC DROE
SUBROUTINE ROE(C)
CALL IKAERR
RETURN
END

$IBFTC DTSRMP
SUBROUTINE TSRIMP(C)
CALL IKAERR

RETURN
END



SIBF1C DRBNO
SUBROUTINE RBOUND(TMtRHO)
CALL IKAERR
RETURN
END

SIBFTC DPBND
SUBROUTINE PBOUND (TMtPRJMP2)

PRJMP? - 0.
RETURN
END

S[BFTC DLNSRF
FUNCTION INSRFN(JtSFN)
ZNSRFN-O.
RETURN
END

SIBFTC DRGSRF
FUNCTION RGSRFN(NRSFN)
RGSRFNwO.
RETURN
END
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VI. DESCRIPTION O' "EXECUTE" PROGRAM

NTRODUCTION

The Executor portion of HAROLD requires a previously generated

problem to be written on the history tape as cycle 0. The hisLory

tape must be on FORTRN logical 12. The Executor reads cycle 0 from

the history tape, calculates the problem, cycle by cycle, and prints

and writes history cycles at previously specified times or cycles.

It terminates calculating when the cycle number reaches NF or when

an interval timer overflow occurs.

This portion of HAROLD requires a restart card (and for the

RAND version, an output description deck; the form of these cards is

discussed on the following page).

A problem may also be restarted with this section of HAROLD

if no changes are to be made to the data. If any rhanges are to be

made, the restart option of the Generator must be used before t.,e

Executor is used.

If tabular equations of state are required, they should be in

the form produced by TABCOE (see Section VII) and mounted on FORTRAN

logical 8.

DATA DESCRIPTION

The Executor section of HAROLD requires a restart card (and, for

the RAND version, an output description deck). The restart card is

of the form NSIRADIDENT1 -6 with format (216,IOA6). The parameters

are:

NS: This is the cycle number from which to restart.

It is 0 for a problem which has just been generated.

The problem is restarted from the first cycle on the

history tape with a cycle number greater than or equal

to NS, but any very large number will result in re-

starting from the last cycle on the history tape.

IRAD: This is I for hydrodynamics only, 2, 3 or 4 for explicit

radiation and 5, 6 or 7 for implicit radiation.

IDENT: This is 60 characters of BCD information to be printed

at the start of the output.
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The output description deck consists of 25 cards. Each card

corresponds to a possible output variable. In columns 61-66 of

those cards cortrsponding to output variables desired, the user

specifies the order in which he wishes them to occur on the line.

In co~amns 67-72 he specifies the number of significant figures

desired. He then circles the units in which he would like the

variable to be output. All numbers should be right-adjustea. The

total number of significant figures desired (the sum of the numbers

in columns 67-72) plus 7 times the number of output variables re-

quested must not exceed 128. The keypuncher punches columns 1-6

and 61-80 of all 25 cards as well as those groups of six columns

specifying units which have been circled. A sample output descrip-

tion sheet follows and an example of its use is included in the

test case data descriptions in Section IX.
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EQUATION OF STATE HANDLING

Equations of state may be either analytic or tabular or both.

There may be a maximum of six of either type. Tabular equations of

state should be on a binary tape in the form prepared by TABCOE and

mounted on FORTRAN logical tape 8.

For problems using explicit or implicit radiation~analytic

equations of state are introduced through function type subroutines

calculating P(TV), E(TV) and K(TV). For a region having the

material number lOOx, these function type subroutines have the names

FPIO0x, FElOOx and FK00x respectively. The form of the subroutine

calculating P(TjV) for material 1003 would be:

$IBFTC FP1O03

FUNCTION FPlOO3(TV)

FP1O03 = some expression using T and V

RETURN

END

and the form of the subroutines calculating E(TV) and K(TV) would

be similar.

Additional flexibility in the form of analytic equations of

state is permitted for problems using hydrodynamics only. This

additional flexibility is introduced through the use of a subroutine

called PET. For equations of state of the form P(TV) and E(TV)

the standard form of PET (see p. 330) is used and these equa-

tions of state are included as function subroutines of the form

described above. If the equations of state are of the form P(EV)

and T(EV) the equations of state are calculated by the subroutine

PET and no function type subroutines are included. Using equations

of state of this form saves computing time.

In this case j must, of course, be determined from a velocity

condition, not a temperature condition. See pag 285.

The form of the PET subroutine is in this case:

$IBFTC PET

SUBROUTINE PET(MATTVPEJC)

P = some expression using E and V

T = some expression using E and V, if T is desired
RETURN
END
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EXECUTE SECTION COMMONS NOTE

C THE CONTINUATION CARD 4 OF COMMON /IKA28/ HAS THE FOLLOWING DIF-
C 1 FERENCE IN TWO SUBROUTINES. THIS CARD IS NOT IN SUBROUTINES
C 2 ECHECK OR GETVAR,

THE FOLLOWING GROUPS OF CARDS SHOULC REPLACE THE COMMENTS CAPCS
WHICH ARE USED IN THE LISTINGS FOR THE SUBROUJTINES.

C THE COMMON /IKA2/ GROUP IS AS FOLLCWS

1 JS(1C), NRS(lC)v NZS(IO)s RRG(15)9 JREG(15)9 C1(15), C2(15),

2 C3(15)9 C4(15)9 C5(15)9 EO(15), EMIN(6), EiMAX(6)9 KMIN(6)9
3 KMAX(6), PMIN(6)9 PMAX(6), TMIKd6), TPAX(6), UPIN(6), UMAX(6),
4TEMIN(63, TEMAX(6)9 TKMIN(6), TKMAX(6)t TPPIK(6), TPMAX(6), NKMAX,
5 TTMIN(6) TIMAX(6), TUMIN(6)t IUMAX(6)t NPEIN, NEPAX, NKMIN,
6 NPMIN, NPP4AX, NIMIN, NTMAX, JUMIN, NUMAX* PiRSRCE9 NZSRCE,
7 JO, JOS, JCM, DRC, Z19 Z2, JL, Xl, X2, X3, Xli, X59 X69 HSthF9
0 UNCGS, UNMKSt TM, OT, OTP, JSTAR, JHAT, JPAX, DELTA, REGNCv JZ9
9 NREG, NEOS, RMIN, RMAXt IRAD

C THE COMMON /IKA2B/ .GROUP IS AS FOLLCWmS

COMMON /IKA2B/ NDH(6), NHC(6), CTH(6)v CTH(6), NOP(6)9 NPC(6),
I OTPR(6)v CTP(6), NOCK(6), NCKC(6)9 OTCK(6), CTCK(6)v
2 N, 10K, 114, IP, ICK2, IH2, IP2, TMCKL, TMHL, OTS, OTPS, IC,
3 IRETRN, TMPL, NPRY, NENCK, NHIST
4 ,CT0l, DTM2, JLAMt JOMEGA, AMBDA, OMEGA, JGAMMAq GAMMA
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Table 2

TABLE OF COMMON ZONE AND REGION VARIABLES FOR VAR IOUS SUBROUTINES

(Each variable is a label and common of the form COMMON / /. For example,
"COMMON/RC/R(l) ." The zone variables have all been dimensioned in COMSIZ.)

TEPUE/1E41) X X K X X K K K K X
TANUCTAN11) K X X X X X X K X

VLC/VL(1) X X x x x X x X X K K X
PACIPftII K K K K K K K X K K K X
ESCIF61I) K K X K X K K K X K X
KPC/KP(I X X K K X K X X K

KPC/KMI44) K K X X K X X K K
DPASSC/PNASSM1 X X X K K K K X X X
OPESSC/0DWESSM1 K K K X K K K K X
TEPSOEN~SM() X X K K K X K K K

TEPUIIMIE31 K K X K K K K K X
TEP4C/?EP4d1) K X X K K K K K X
KDPC/KDP(1) X X K K X X( K K
ELC/ELII) K K X K K X X X K

CKCON/CKY(15) K
MA1C/9AT(1) K X X X K K K y K K
QC/QII) X K K K K K X X K X
VLPC/VL~i1) K X K K K K K K K X K K

PRMC/PRP41) K K K K X K K K K K K
EGNC/EGPI1) K K X K X K K K K K K
ELNC/gL1141) K X X X K K K K K
SUP2C/SUM2(15) K

THETAC/IHEAI) 1, X X X X
DC/Oil) K K X X X
ODNPC/OKVPP4 1) XXX X X
DKDWM/DKONAI4 1) X XX X X

SIGC/SIC(1) X XX X X
CAPCC/CAPC El) X XX X X
C/H4I I X X X X X

CAPKC/CAPK(1I) K X X K X

GUMG() X XX K X
CAPJC/CAPJE 1) K K X K X
C71hSU9M/TSUN15) K
CTHSPI/THSWIS 1) j
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Table 2 (cont'd)

PC/R I) X x x x x x
UC/U(I I x x X x x x x
TEPC/TEP(1) x x x x x x x x
TAPC/YAN~I) x x x xx

VLC/VLII) x x x x x x x
PpC/PR(1) x x x x x x
EGC/E ( 1) x x x x x x x
KPC/KP4I3 X x x x X

KPCIKPI 1) x x x x x
DNtASSC/DPASSII) X X x x X x x
DPNESSC/OMESS(1) X x x x x
TEMSQC/VEPSOM1 x x x x x

TEP3C/TEM3(l) X X X x x
TEM'.C/YEN4(t) x X x x
KCMC/KDP(1) x x x x x
ELC/ELM! X X X X X x

CKCON/CKY(151 x X X
MATC/MAYE1) X X IX x X X X
QC/QtIR X X x x x x
VLPC/VIIP(1) X X x X x

PR9NC/Ppp(k) X X X x x
ECPC/EGP(1) X X X X X x
ELPC/ELP4 t) x x x x x x
SUP2C/SUP2I15) X X x

THETAC/THETAI1) X x X
OC/D(I) x x x
CKDP4PC/COPPI1) X X X
DKDPPC/bKDPPl) X X x

SIGC/S1611 x x x
CAFCC/CAPC(1) x x x
NC/M(l) X X X
CAPKC/CAPK(1) x x x

CGM) x x x
CAPJC/CAPJII) x x x
CTHSt)P/YHSUPIS1) x
CUbSPO/THS14415) x
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SUBROUTINE DESCRIPTION

The Exe-nitor section of HAROLD consists of the following decks.

A check mark un left side of deck number means the deck is not

present, or modified in FORTRAN version.

1. COMS IZ

2. EMAIN

3. EXEC

v4. Dummy CLNUP in FORTRAN

5. REOST i
,6. ESTAB (dummy ESTAB in FORTRAN)

7. FORMS (not present in FORTRAN)

8. SFT

9. HYD

10. ROA h

ii. REGSR

12. RGSRFN

13. ZONSR

14. ZNSRFN

15. TSRh

16. JI&T

17. ROAEXPe

18. TSREXPe

19. CDRi e

20. ROAIMP i

21. ROBi

22. ROC i

23. RDI'

24. RODi

25. ROE'

2. TSRIMP i

27. POR

28. PPR

29. lIST

30. ECIIECK

1. PROUT
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/32. COUTI )
• )

) RAND version only
•)

COUT25 )

33. CZR

34. PET

35. PBOUND

ROUND

36. PEK

37. FINDC

38. ANEOS

39. FPOOx

FElOOx

FKIOOx

40. GETVAR

41. GTVRTB

42. IKAERR

43. ALIBI

The actual count of these subroutines in any given job will

depend on the following:

1. What version - RAND or FORTRAN.

2. What type oi radiation, if any.

3. What kind of source functions, analytic and/or step, zone

and/or region, if any.

4. What kind of boundary conditions, analytic and/or step,

minimum and/or maximum, if any.

5. What kind and how many equations of state are involved.

COMSIZ must occur first. ALIBI must occur last. Those sub-

routines indicated with an "h" are used only for hydrodynamics only

calculations. Those indicated with an "e" are used only for explicit

radiation. Those indicated with an "i" are used only for implicit

radiation. Those which are not required may be removed from the ob-

ject deck if more storage space is required for equations of state.

I

I
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Those subroutines indicated by an *' are special purpose subroutines

which need be included only if they are required. Dummy entry points

for all these routines are included in ALIBI.

1. COMSIZ

COMSIZ exists to give the user control over the amount of

storage devoted to zone variables. SIZE is a name in COMSIZ which

is defined as follows:

SIZE EQU 202

This EQU pseudo operation results in all zone variables being

dimensioned 202, which permits 200 zones (storage must be allowed

for boundary conditions at j=- and j=jmax+ ). If more storage

space is required for equations of state and the problem does not

have 200 zones, SIZE may be equivalenced to the number of zones in

the problem plus two. 220 storage cells are saved by reducing the

value of SIZE by ten.

CORSIZ has a second variable, SIZEI, which is defined similarly

to SIZE and is used to control the amount of storage allocated to

variables used only by implicit radiation. For problems using implicit

radiation, SIZEI should be equivalenced to the same number that SIZE

is equivalenced to. For hydrodyna .cs only or explicit radiation

problems it may be equivalenced to 0. 100 storage cells are saved by

reducing the value of SIZEI by ten. For explicit radiation SIZEE is

used to control the amount of storage allocated to variables used

only in explicit problems. This variable should be equivalenced to

SIZE. For hydro only problems it may be equivalenced to zero. For

implicit problems SIZE, SIZEE and SIZEI are equal. The hierarchy

then is as follows:

hydro only 0 < SIZE < 202, SIZEE = SIZEI = 0

explicit only O< SIZE < 202, SIZEE = SIZE, SIZEI = 0

implicit only 0 . SIZE < 202, SIZEI = SIZEE = SIZE

COMSIZ also contains the conversion factors used by the COUT

routines and the formats used by PROUT for RAND version.

This subroutine must occur first in the Executor deck as it

defines the size of the control sections for zone variables. Also

other subroutines have dummy control sections dimensioned 1.
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SPFIC CLSIlL
COMPON IRCI R(2C2)
COMMCN /UC/ U(202)
C6MP'{;N /TFMC/ TFm(2(>)

COMMON /TAMC/ IAP(2,')
COMMON /VLC/ VL{202)

COMMCN /PRC/ PP(202)

C.MMON /EGC/ FG(?O2)

COMMCN /KPC/ KP(202)
COMMUN /KMC/ KM(2C2)
COMMON /DMASSC/ 0)MASS(202)
COMMON /DMLSSC/ fl'1.S(2(,2)
C.f]MPON /ITFS(.C/ TfMS02U??)
CUMMON /TIN3C/ TFP3(2,2)

CCMMNCN /TFP4C/ TrM4(?('2)

COM'ICN /KDMC/ KOM( 202)
COMAIPN I /LC I Et (2?.()
COMPONk /M.ARC/ P.A T (2 (,
COMMCN /ELMC/ fLP(2('?)

CVMMCN /PRPC/ PP"(20?)

C(IMMPIN /LGMC/ EGM(202)
CICM(N /V1 MC/ VIIIV2(1?)
CrMMCN /QC/ I'(2k" t)
C(.MPCN /THErAC/ IHI TL(2 '?)}

CCM f .,  /F'CI / 2t

COI.:tMON /OKr.tPC/ fKrMI(2?G)
COMMCON /GK[CPC/ LKOM1(202)
COMMON /SIGC/ SIG(2(2)

COMMON /CAPC/ CAPC(?C(2)
CO)Mf0VN /t!C/ J4(lt,?)

COMMON /CAPKC/ CAPK(02)
C(IMMCN /GC/ (20')
COMMON /CAPJr/ CAPJ(?(;2)

2A. EMAIN (RAND version)

EMAIN is the deck in which execution of the Executor portion of

HAROLD begins. It is also the entry point for the Executor. It

determines from S.SLOC+4 the address of the first location not used

by the program and establishes this location as the first location

of the tabular equation of state coefficient table. It also

determines from S.SLOC+3 the number of cells required for I/0 buffers

and from this it calculates the number of cells available for this

coefficient table. This number is stored as LIMIT. It then calls

EXEC.

IBM Systems reference library form C28-6334, 1963, p. 59.
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2B. EM&IN (FORTRAN)

as ind LIMIT are dimensioned according to user specification

LIMT =34C0
CALL EXK-(CLIV~TT)
CALLF-T

3. EXEC (C ,LIMIT)

EXEC is the main controlling routine of the Executor. It reads

the prchlem from the history tape and controls the cycle by cycle

execution of the problem until cycle NF is reached or until an

interval timer overflow occurs.

SIPVTC EXI C PtFF
SUhRCUTINEic(CLMT

DIMENSION Il:thT( 10)
C CfiMMCN CARDS LARELED /JKA2/ A-NO /JIM'?f-/ GROUPS TO RE PLACLH; HER(

INTCFR DELTA, REG';6, UNCGSt UNmKS
REAL KMTPI, K4AX, KP, X(t, KDM~

C Sf1. IAHIL FO..! U1IH[R 1M;LY LAL4FLFD COMPCN CAPOS TC HL. PLACEC HER
CO;MMON /Lf)SCCM/ ?'FUS, IDE05(6), TIPCE(6), I~tGT(396)9 (UM4,

I IbEGV(3,6)# IPFGC(3,b)

CALL CLNUP((.,I SSW5)
RtiAf 7004, NSIAQT,IUADID&kT

IC04 F-ORMAT (216,16A6)
PRINT 7005i, NSTART, IPADq IOENTI 7C05 FOR?'AT (IH1,3HNS=16,2X,5HIRAD=I6,I0A6)

2 READ (12) J
BACKSPACE 12
IF(J.Fo.123456) GO 10 1

RF-AC (12) NkEG,JMAXNZSRCF,NZSCE,NEtMIN,NEPOAXNKMWIINNKMAX,NPM1NI,
I NPiXTA N, ,,U "N1A,[T T E ~R~JN FjJZ, URC,
2 ZIt,12,XI ,X2,X".3,X4 ,X5 ,X6),JO,JOMJOSJL,JSTAR,JHAT,LNCGS,UNMKS,
3 TMMOIN,RPwAX
JMAX2=JMAX+?

REA(J (12) RIUI)TMIA()VL ),L(IPf()RMI,
I ~( IfE~b( ) ,~iUKP0( I) ,CPASS( I),CMESS (I,-), TEMSC( 1)JF3 (I),

I TFM4(I),KOM(I),FL( I),ELP'(1),MA-T(I),I ,(1),I=l,JIAAX2)
RFAr) ( 12)(RRG(I~til-u l t l l t2 1 t 3 l ,.( )L ( )E ( )

REAC (12) (NDH1( I),NHC(IbeNOP(I),NPC(I),N~CKU ),NCi C(1),E-M1N(l),
I FMAX(!),KPOIN(I) ,KMAX(I ),PMIN(I ),PMAX(I),TMPI( I),TMAX(I),U)MIN(fI~tI

3 ITMJN(i ) TTWAX( I),TUeqN,%(I ),TUMAX( T),DTH( U,CTH( I),DTPR(I),CrP(r)
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4 0TCKtI),CTCK(I),1=1,6)
READ (12) ((ERS(IK)bES(IK),TMRS(KK)tTMS(IKizI,61,RS(K),
I JS(K)tNRS(K)*NZS(K)vK1,1lO)

IF(N.GE.NSTART) Ga TO I
GO TO 2

1 PRINT 7010t (C1(I),C2(IJC3Il),C4(IJC5(1),I*1,NREG)
7010 FORMAT (1140 6X 214Cl10lX 2HC2 10X 214C3 lOX 214C4 lox 2HCS

I /1114 SE12.4))
PRINT 701lJOJOSJOMORC,11,12,JLJHATJSTARXI ,X2,X3,X4,X5,X6

7011 FORMAT (1140 4X 214J0 3X 314105 3X 3HJOM 9X 3140RC / 114 316,E12*4/
1 1140 6X 2HZI 1OX 2HZ? 8X 21411 4X 4HJHAT 3X 5HJSTAR / IH 2E12*49
2 169 218 /I 114 6X 24XI10 lX
3 214X2 1OX 2HX3 lOX 2HX4 LOX 214X5 lox 214X6 I 11 6E12.4)
CALL REOST(CLKMITI
CALL ESTAB
CALL PROUTIC)
OMESS(I1)=OMASS( 2)12.
OMESS(JMAX+1)=OMASS(JMAX+I)/2.
NPRT*NOP( 1)
NENCK=NDCK(l)
NHISTaNON( 1)
IFfNDP(l).NE.0) GO TO 90
DO 81 1=1,6
IF(CTP(1).GT.TM) GO TO 82 V-

81 CONTINUE
1=6

82 IP~xI :
IF(I*EQ*1) GO TO 84
TMPL-CTP( -1)
GO TO 86

84 TMPL-0.
86 IF(TMPL4DTPR(I)*(1.,1.E-7).GT.TK) GO TO 140

TMPLzTMPL+OTPR( I)
GO TO 86

90 IF (NPRT*GT.N) GO TO 140
100 IF (NPRT.GE.NPC(l)) GO TO 101

1=1
GO TO 120

101 1=2
102 IF (NPRT.LT.NPC(I).AND.NPRT.GE.NPCII-1)) GO TO 120

IF (I.GE.6) GO TO 120
IzI~l
GO TO 102

120 NPRT-NPRT+NDP( 1)
GO TO 90

140 IFINOCK(1).NE.0) GO TO 149
00 141 1=196
IF(CTCK(1).GT.TM) GO TO 142

141 CONTINUE
1=6

142 ICK2=I
IF(I.EQ.1) GO TO 144

Jl -Il



TMCKL=CTCK( I-1)
6O TO 146

144 TMCKLm0.
146 IF(TNCKL*DTCK(II*(1.+o1E-?).GT.TM) GO TO 180

TNCKL=TMCKL*DTCKI j)
go TO 146

149 IF (NENCK.GT*N) GO TO 130
150 IF (NENCK*GE.NCKC(I)i GO TO 151

lot~
G0 TO 160

151 1=2
152 IF (NENCK.LT.NCKC(IJ. ANDNENCKGE*NCKC(I-1)) GO TO 160

IF £I.GE,6) GO TO 160

Go To 152
160 tENCK=NENCK+NDCK( I)

GO To 140
180 IFINDHM1.NEMO GO TO 169

DO 161 1=1#6
IFICTtI(I)oGT.TM) GO TO 182

161 CONTINUE
1=6

162 1H2=I
IFII.EQ.1) GO TO 184
TNHL*CTH( I-I)
GO TO 186

164 TMHL*Oe
186 IF(TMH14+OTH(I)*(1.+1.E-7).GT.TM) GO TO 200

TMHL=TMHL+OTH( I)
GO TO 18

169 IF (NHIST.GT.N) GO TO 200
IF fNHIST.GE.NHCl1)) GO TO 191
1-1I
GO TO 190

191 1=2
192 IF INHISToLT.NI4C(II.AND.NHIST.GE.NtiCII-1)P GO TO 190

IF £I.GE.6) GO TO 190
1.1.1
GO TO 192

190 NHIST*NHIST+NDH( I)
GO TO 180

200 CALL SFT
CALL HYDIC)
IF(IRAD*GTeTeOft.IRAD*LT.1) GC TO 9999
IF(IRAD.LT.S) GO TO 215
CALL CORKC)
CALL ROAIMP(C)
CALL ROB(C)
Ic.O
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213 CALL. LOC(C)
TC=IC+
CALL RDI(C)
IF(IRETRN.EG.2) GO TL 214
CALL q nOiC)
Go 10 213

214 CALL ROE(C)
CALL TSRIMP(C)
GO TO 216

215 IF(IPAD.LT.2) GC TO 220
CALL COR(C)
CALL. ROAEXP(C)
CALL TSREXP(C)
GO TO 216

220 CALL ROAtC)
CALL TSR(C)

21f6 CALL POR
CALL PPR(C)
CALL CZR(C)
IF(ISSW5.NE.O) GO TO 212
IF (N.LT.NF) GO TO 200
CALL PIST
CALL EXIT

212 CALL ECHECK
CALL HIST
CALL PROUT(C)

CALL EXIT
s999 PRINT 1999
7S99 FORMAT(26HOILIEGAL RAO. INDEX GIVEN.

CALL EXIT
END

E "

,~ If
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S2 00

CLmU P

11ZA0, 1DE.NT

YES

PkiWT V461&RT RO'IMESG

FiND ANO Q&GADMA
HIST09,T C'(CLE '

M11 G9.EATrFST CYI<c
CLE it NS1TIIt

P~m ois-rET OE'

'Z1
PRO'JTRo

TOR. CONSTAO'S Z

1ITIALIMe Emp-6y oa

CHECK( COWSTAN4T6

iMAkTILIXG PRiNT :

OUT CONSTANTS 
-

W NF

p~ R007 EXI
-~ ~ ~--* -~EXIT
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4A. CLNUP(IISSW5) (RAND Version)

C INUP is designed to prevent loss of any calculations when an

interval timer overflow occurs. If I is 0, ISSW5 is set to 0 and is

set non-zero when the interval timer overflows. The interval timer

is then reset to allow I more minute of computation. ISSW5 is

checked in EXEC at the end of every cycle. If it is non-zero,a

history edit is taken and a print-out occurs. Then EXIT is called.

43. In FORTRAN version CLNUP is a dummy subroutine.

SIBFTC CLNUP REF
SUBROUTINE CLNUP (1,J)
J=O
RETURN
END

5. REOST (C ,LIMIT)

REOST reads the interpolation coefficients from the equation of

state tape prepared by TABCOE. The T's, p's and C's are stored in

the C array as follows:

T's for P of ist eq. of state encountered on the tape

p's for P of 1st eq. of state encountered on the tape

C's for P of ist eq. of state encountered on the tape

T's for E of 1st eq. of state encountered on the tape

p's for E of 1st eq. of state encountered on the tape

C's for E of 1st eq. of state encountered on the tape

T's for K of ist eq. of state encountered on the tape

p 's for K of 1st eq. of state encountered on the tape

C's for K of 1st eq. of state encountered on the tape

T's for P of 2nd eq. of state encountered on the tape

C's for K of last eq. of state encountered on the tape

Four tables are constructed for locating numbers in the C table.

IORDERi contains the identification number of the INOth equation of

~i. ,. !
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state read from the tape. IBEGT(i,j) contains the address of the

first T of the ITAB thequation of the INO thequation of state. ITAB

1, 2 or 3 for P, E and K respectively. IBEGVT(i,j) and IBEGC(i,j) are

the first locations of the corresponding V and coefficient C. This

subroutine is identical with the GENERATE program subroutine,

see p. 159 for flow chart.

SIfFTC 'REUST RFF
SUBRIPUTIt4F PEGST(CLI!TY)
COMMON /1:fSC0M/ FMIS, IEW)OS(6), TORDfFIM(), IFFGT(3,6), DUM,

PV-WINo P

15 PtEGf1,11)=1
111 1IC rr=tt ICG

IF( 1EcS.Gr.(J ) r. n.it
PRINT 7COC,1NUtOECS

7CCO FORFA7 f61HI F-Nt) CF FOIS TAPE FNCOU.NTERFCD, NO. OF EGS FOUND AN
IPF-AD = 14f 3f4H IM0. OF tO('S KNEEDEC IN THIS JOE [4)
R 1 ,-UP N

10 PACKSPACE R~

RFAI) M8 JIff'SITARN(,INfTSINLIVSiii 8ACKSPACk R
C'; 18 1=1,6
IF(IEOS.fiQ.ICEGS(I)) GO1 TO 20

18 CONTINUF
GO TU 100

2C INO=INO4I
ICRDER(INO)= 1FOS
Cn IC? ITAB=1,3
Rf-AD (8) Ii'SITM3NONOTSNOVS
IPEGV(ITAHINO)=!REGT(ITAB,JNO)+NOTS
JTC=IMlGT( ITAR9INO)
ITS=ITC4-NOTS-I
zvc=z rs+t
IVS= IVC+NOVS-1
IF(IVS.GT.LIMIT) GO TO 919

READ MP (CU1),1=ITC, ITSb9(C(1Ibl=IVCIVS)

C SKIP NEXT RLCORD (ON FUIS TAPE
C

IlEAC(8
[BEGC( ITAB, [NO) =IBEGV( ITA8, ZNO)+NOVS
NOC T=NOT Sf2
NCCV=NOVS/2
Iiri'C= NOCT*9*NUCV

40
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ICC IBEGC(ITABINO)
ICS=ICC+ITOTC-1
IF(ICS.GT.LIMIT) GO TO 999

READ (8) (C(I)*I=ICCICS)
IBEGT(ITAB+IINO)= IBEGC(ITABINO)+ITOTC

107 CO4TINUE
IFIlNO.EQ.MEOS) GO TO 120
GO TO 110

C
C SKIP NEXT 12 RECORDS - TO BEGINNING OF NEXT EOS INFORMATION
C

IC CO 105 ISKIP =1,12
105 RFAD (8)
110 CONTINUE
12C REWIND 8

RETURN
'99 PRINT 7001

7C01 FORMAT(47HOECS TABLES REQUESTED XCEED AVAILABLE STORAGE.
CALL EXIT

END

6. ESTAB (RAND version only)

ESTAB reads the output description deck and constructs a table,

ITAB, of functions to be printed as follows:

ITABI,j is the BCD name of the jth function to be printed

ITAB 2 j is the conversion factor for the jth function to be
printed

ITAB3, j is the number of significant figures of the jth function

to be printed

ITAB4,j is the function number of the jth function to be printed

It then calls FORMS to establish the FORMAT statements necessary.

Subroutine ESTAB is a dummy in the FORTRAN version.

$IFFTC ESTAE REF
SUBROUTINE ESTAB
RET URN
END

7. FORMS (RAND version only)

FORMS is a MAP subroutine which uses the table ITAB, constructed

by ESTAB, to construct the necessary formats for output by PROUT.

8. SYT

At the beginning of cycle n+l, SFT moves those variables

calculated during cycle n. which must be saved, to the storage for

cycle n-l. It then sets n = n+l. "

: ... *" . -< ;" 7.
____ __ ___ ___ _ __ ___ ___ __ ___ _ __ ___ ___ ___ __ ____ ___ ___ ___ __- i*
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SIEFTC SFT REF
SUBROUTINE SF1

C COMMON CARDS LABELED /JKA2/ AND /IKA20/ GROUPS TO BE PLACED Hi
C SEE TABLE FOR OTHER SINGLY LABELED COMMON CARDS TO BE PLACED HE

hxN4I
7MuTP+DTP

10 VLMIJ*1)aVL(J*1)
PRM(J*1)uPR(J+1)
EGM(J*1)mEG(JI)
ELMIJ*l)=EL(J+ll
IF WJ.To1) RETURN
JaJ-1
GO TO 10
END

SFT

XZXTMAX

pn-I 0

____ - F__ n
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9. HYD(C)

HYD is called by EXEC. It calculates R, U, V and Q for zones 1

through J.

HYD also governs boundary conditions. It is possible to es-

tablish boundary conditions at j = 0 for U, P, T, E and K (but not

simultaneously). However, RMIN must be greater than zero in order

to fix any other minimum criteria, since PMIN = 0 implies an origin

at j = 0 in radial or cylindrical symL-metry for which both LRWIN and

RMIN are identically zero, and rno other variables need be defined.

When RMIN # 0 the following combinations of variables are permitted

(R and U), (R and P), (R and T),

(R and U and P), (R and U and T), (R and T and (E or K)), or

((R and U and T) and (E or K)).

When i = JMAX, HYD determines the value of the right hand boundary

conditions (maximum j) if any. The following combinations are

permissible

U, P (step function), P (analytic from PBOUND), T singly

(T and (E or K)), (P(analytic) and T)), (P(analytic) and

T and (E or K)).

$IBFTC HYD REF
SUBROUTINE HYD(C)

C COMMON CARDS LABELED /IKA2/ AND /.IKA2B/ GROUPS TO BE PLACED HERE

INTEGER DELTA, REGNO9 UNCGS, UNMKS
REAL KMINq KMAX, KPt KM, KOM

C SEE TABLE FOR OTHER SINGLY LABELED COMNON CARDS TO BE PLACED HERE

DIMENSION C1)
J=OI R= I

10 IF (J.GT.O) GO TO 200
IF (R(1).GT.C.1 GO TO 20U(lI IO.
R(I)=O.I

GO TO 440
20 IF (NUMIN.GT.0) GO TO 170

21 IF INPMIN.GT.O) GO TO 100
IF (NTMIN.LE.O) GO TO 420
IF (NTMIN.LE.1) GO TO 45
1=1

€ (



30 IF (TM.LE.TTMIN(I)) GO TO 40
IF floGE.NTMINI GO TO 420
121*1
GO TO 30

40 TEAM1TMIN4I)
TEI4SQ(1)wTEM( 1)*42
TEM3( 1)-TEMSQ(1 )*TEM(l)
TEM4( Il)-TEtASQ( I1)*TEf4SQ( I)

GO TO 50
45 TE1M111zTMIN('I

TEMSQ( 1)=TEM( 1)**2
TE943( l)-TEMSQ(l)*TEMfk)
TEMd#( )=TEMSQ( 1)*TEMSQ( I)

50 IF (NEMIN.LE.0) GO TO 130
IF (NEMIN.LE.11 GO TO 75
Jul

60 IF ITP.LE.TEMIN(IP ) GO TO TO
IF (I.GE.NEMIN) GO TO 420
1-141
GO TO 60

70 EGM1-EMINMI
GO TO 420

15 EGE1)aEMIN(l)
GO TO 420

100 IF INPMIN.LE,1) GO TO 125
1-1

110 IF (TM.LE.TPAIN(I) I GO TO 120
IF (i.GE.NPMJN) GO TO 420

GO TO 110
120 PR(I)-PMIN(I)

GO TO 420
125 PREI-PMIN(1)

GO TO 420
130 IF (NKMIN.LE.0) GO TO 420

IF (NKMIN.LE.1; GO TO 150
Jul

140 IF ITM.LE.TKMIN(II ) GO TO 155
IF lI.GE.NKMIN) GO TO 420
1-1+1
GO TO 140

150 KMEI)=KMINfI)
GO TO 420

155 KM(1)aKMIN(I)
GO TO 420

170 IF (NUMIN.LEo1) GO TO 190
Jul

180 IF (TH.LE.TUMIN(t)) GO TO 195
IF (IIGE.NUMIN) GO TO 21
I-1*1
GO TO 180

190 U(1)uUMINII)
GO TO 21



195 UMM)UMINII)
Sava 21

200 IF fJ.LT.JNAX) GO TO 420
IF INUMAX.LE.01 GO TO 2S0
IF INU44AX*LtE.1) GO TO 240
101

210 IF ITP*LE.TUPAXIIfl GO TO 220
IF 41.6t*NUNAX) GO TO 430
1=141p
GO TO 210

220 UIJMAX*1)&UNAX(I)
9O TO 430

240 UIJMAX*1)-IJMAXf1)
GO TO 430

250 IF INPNAX*LE*0) GO TO 290
IF WMPAX.Lfe.1 GO TO 260
1.1

260 IF ITM.LE.TPMAX(I) ) GO TO 270
IF (I.GE.NPMAX) GO TO 420
1=1*1
GO TO 260

270 Pf4JMAX*21mPMAX(I1
Go TO 420

280 P~fJMAX42R-PMAX(1)
GO TO 420

290 CALL PS0OOT~qPR1JP1AX02))
If INTNAX*LE*O) GO TO 420
IF INMAX*LE.11 CO TO 310
lot

300 IF 4T~eLE.TTPAX(X) I GO TO 320
IF (1.Ce.NTRAE) GO TO 420
twI*I
GO TO 300I

310 TFM(JPAX421mTMAXf1)
GO TO 330

320 TFN4JNAX42)aTMAX4II
330 IF INEHAX.LE.0 GO TO 360

IF (NEPAX.LE.1) GO TO 355
l'al

340 IF ITft.LE.TEMAXEII I GO TO 330
IF 1EoGE*NENAX) GO TO 420
I11I
GO TO 340

350 EC4JMAX,2)wEMAX(I)
GO TO 420

355 EGIJMAX*2)nEMAX(I)
GO TO 420

380 IF INKMAX.LE.Ol Go TO 420
IF INKMAX*LEoll 6O TO 400



390 IF ITM.LE.TKNAXII) ) 0 TO 405
IF tIIGf.NKN4AX) GO TO 420

GO TO 390
400 KPIJMAX*1)uKMAXII)

GO TO 420
405 %PfJMAX*I)*KMAX( I)
420 IVINUNIN.GT.0.ANO.*J.EQ.0.ANO.TN.LE.TUIiNINUMIN))GO TO 430

IFlOELTA*EQ*1.AND*ftIJ,1I.EQ*0.) PRINT 7000, J
IFIDELTA.EQ*IoAND*RIJ*I).EQ*.. CALL EXIT

7000 FORMAT(22HOR IS 0 IN 14Y0 IN ZONE 16)

I )IDMES$51J~l I
430 P(J*1)aRIJ*1)*OTP*IJ*1)
440 IF (J*LE.O) GO TO 465

ASSIGN 455 TO NYL
442 IF EOELTA.LE,21 GO TO 445

I ONASSIJ.11/3.
so To 452

445 IF IDELTA.LE*1) GO TO 450
VL(J*1)- IR(JI)-RIJ) )*(R(J*1)4R(JI))VNASS(J*1)/2.
GO TO 4S2

450 VL(J*1)stRIJ~l)-RiJ)I/DNASS(J*1)
4S2 GO TO WVL 445594S)1
455 ASSIGN 465 TO NQ
460 IFIVL(J+1).GEVLMIJ*1Ii GO TO 461 -LI~t*2

Q4J41)'CtfIR)* DMASSfJ,1I**2*lVfLJ,1I-VNJ1)*
1 ((VL(J.1)*VLM(J41I)*VDTP**2*I4( IJ#13*R(J) )2.)**(DELTA-1) )**2)

IFfC2fIR).EQ*O.) GO TO 462
QEJ*l)uQ(jI),C2(t*DNASSEJ+1)*ASSIVL(J*I)-VLNIJ*l))/

I It IRIJ,1IR(J)12.I**(DELTA-l)*DTP*(VL(J.1)+VLN(J41))I
462 GO TO NQ44659490)
461 QfJ*1)m0.

GO TO NO (465,490)
46S IF IJ*NE.JREG(1R) I GO TO 470

IftuIR.1
* 470 IF fi.GE.JI4AT) GO TO 400

J-J, I
GO TO 10

480 ASSIGN 485 TO NVL
JmJIHAT7 I
GO TO 442

485 ASSIGN 490 TO NO
GO TO 460

490 RETURN
END
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10. ROA(C)

ROA is called by EXEC. It calculates E, P and T for hydro-

dynamics only problems; i.e., for zones j 1, 19.
If Z2 is a velocity we use the deck JHTU.

If Z2 is a temperature we use the deck JHTT.

Each time we go thru ROA we test the appropriate condition against

Z2 to see if j needs to be icreased. If TEI. > Z2 (or U > Z2)

then 1 - +1.

The energy is considered to have converged when 6E < X6.E.

$1IFTC ROA REF
SUBROUTINE ROA(C)

C COMMON CARDS LABELED /IKA2/ AND /IKA2B/ GROUPS TO BE PLACED HE,
INTEGER DELTA# REGNOi UNCGS, UNMKS
REAL KMIN* KMAX9 KP, KM9 KDM

C SEE TABLE FOR OTHER SINGLY LABELED COMN1ON CARDS TO SE PLACED HE
DIMENSION C(l)
IR-I
CALL REGSR(IRSR)
J=1

I CALL ZONSR(JtSZ)
PR(J+I )=PRM(J+I})
EX=C.
NCOT-O

10 ESS=EGP'(J+I )+(SR+SZ)*DTP+( (PR(J+I)+PRM(J*I))* .5+QIJ+))
I *(VLM(J+1)-VL(J+L))

IF(ABS((ESS-EX)/ESS).LT.X6) GO TO 100
20 EX=FSS

CALL PETIAT(J L)OTE(J+I)PVL)J+1),PfiJ I)tEXtJC"
NCOT=NCOT+ 1

IF(NCOT.LE.10) GO TO 1
PRITT 7000

7CCC FORMAT (10HOROA LOOP.)
CALL EXIT

[ 10C EG( Jv l )EX
! IF(J.NE.JREG(iR)} GO TO 160

IR=IR+1l
i CALL RFGSRiIRtSR)

160 IF(I.GE.JMAX) GO TO 180
TF(J.GE.JHAT GO TO 170

165 J=J+l
GO TO 1

17C CALL JHT( TEM( JHAT+I) ,U( JHA ) ,Z~tlANS)
IF(IANS.EQ.O} RETURN ,
JHAT:JP AT+I

GO TO 165
180 RETURN

END

£ F3

, I
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11. REGSR(NRSR)

REGSR determines the source or sink term, SR, for region NR.

It does this by adding the proper value of the step function for that

region to SFN, the source or sink term returned by RGSRFN, the sub-

routine for calculating non-step source or sink functions.

SIEFTC REGSR REF
SURROUTINE REGSP (NRSR)

C CCMMCN CARDS LABELED /IKA2/ AND /IKA29/ GROUPS TO BE PLACED H
INTEGER DELTA, RKGNO, UNCGS, UNMKS
REAL KMIN, KMAX9 KP, KP, KDM
INIEGER RS

IR=l

SR=C.
90 IF 1NR.EQ.RS(IP) ) GO TO 100

IF (IR.GE.NRSRCE) GO TC 120
IR=I9)+l
GO T" 90

ICC IF (KRS1IR).EU.1) GO TV 130
K=1

IZC IF (7M.LE.TMRS(KIR) ) GO TO 140
IF (K.GE.NRS(IR) ) GO TO 120
K=K+I
GC TIP 110

120 CALL RGSRFNIN99SFN)
SR=SR+SFN
RETURN

13C IF(TM.GT.T?0RS(IIR)) GO TO 120
SR=ERS( I, IR)
GO TC 120

140 SR=ERSIKtIR)
GO TO 120
END

-N.Maa~?.,~ *~~.4 -t*

- -~~----.- /~v
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12. RGSRFN(NRSFHI)

The analytic source function for a region is defined in this

subroutine and its value is returned as SFN. As this subroutine is

always called by REGSR a dumnmy entry point is provided in ALIBI

and also SFN is set to zero.

13. ZONSR(J,SZ)

ZONSR is similar to REGSR, but controls zone sinks and bources.

$I8FTC ZONSR REF
SUBROUTINE ZONSR (JSZ)

C COMMON CARDS LABELED /IKA2/ AND /IKA2B/ GROUPS TO BE PLACED
INTEGER DELTA, REGNO, UNCGS, UNMKS
REAL KMIN, KMAX, KP, KM, KOM

Iz=1
SZ=G.

10C IF (J.EQ.JS(IL) ) GO 10 120
IF (IZ.GE.NZSRCE) GO TO 160
IZ=IZ*1
GO TO 100

12C IF (NZS(IZ).EQ.L) GO TC 150
K=l

130 IF (TM.LL.TMS(KIIZ) ) GO TO 140
IF (K.GF.NZS(IZ) ) GO TO 160
KzK l
GO TO 130

140 SZ-ES(K,1Z)
GC TO 160

150 IF{TM.GT.TMS(1,IZ)) GO TO 160
SZ=ESI1,1IZ)

16C CALL ZNSRFN(JtSFN I)

SZ=SZ+SFN
RETURN
FND

14. ZNSRFN(JSRN)

ZNSRFN is similar to RGSRFN, but controls zone non-step sink and

sources.

15. TSR(C)

TSR is the time stability routine for hydrodynamics only problems.

It is called by EXEC and controls the size of 6t. ICK, EH, IP are

flags coming from PPR. If they are not equal to zero this indicates

that the ft has been modified in PPR so that the next cycle will have

the exact time of print out, history edit and energy edit specified.

In order to continue the problem with the maximum possible time-step,

as determined by stability criteria in TSR, the original time-step

is preserved as in PPR as DTPS and DETS.

__________--. - - - .t •
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sISFic TSR REF
SUSROUTINE YSRIC)

C COMMON CARDS LABELED /1KA2/ AND /IXA2Bl/ GROUPS TO BE PLACIEV HERE
INTEGER DELTA* REGNO, UNCGS, UN14KS
REAL KRIM* KMAX, KP, KN, KOM

C SEE TABLE FOR OTHER SINGLY LABELED COMMON CARDS TO SE PLACED HERE
DIMENSION4 Ct I)

IF(ICK.EQ.O.AND.114.EQ.O.ANO.IP.EQ.0) GO TO 150

OTMI a OT
OIP -DTPS

DT - DTS

RESNOul

X30-0*
160 XXssf(J*)**42*tDELTA-.) )@PR4J*jIC314EGNO)/(VLCJ41)*DNASSIJ+l?*JZ)

If IXX.LE*XZCI GO TO 200
X20wXX

200 IF (VLN~iI)-VLfJ.1).LE.0.) GO TO 220
XN.(VLNEJ41)-VLIJ.1) )*C4IREGNOC)/VL(J41)
IF IXXGTeX301 GO TO 240

220 IF tJ.GE*JHAT) GO TO 260
JaJ*j

IF (JLE.JRfG(AEGNO) GO TO 160
REGNOSBREGNO* I
Go To 160

240 X30mXX
JL A NJ

GO TO 220
260 X4OwOTP

SLl=O.
280 19 (X20*X40**2.LT.I.) GO TO 300

X40- 8.*x40/9.
SLIal.
GO TO 280

300 IF (X30$X40/0TP.LT.l.) GO TO 320
X40-8..X40/9*
SL1=1.
GO TO 300

320 IF ISL1.NE.0.) GO TO 340
X40s9,*X40/S.
SL 1.
GO TO 280

340 O0EGAuX2O*X40**2
ANSDAwX3O*X40/DTP
IF IICK.NE.0.AND.IH.NE.O.AND.IP.NE.0) GO TO 1000

DY142NOTP
1000 OTP a X40

OT. .5*(DTP+DYP2)
RETURN
END
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16. JHT(TUZ2,IANS)

JHT is called by ROA, ROAEXP or ROAIMP, to check the value of

TEM(JHAT) (or K(JHAT)) versus Z2. If this value exceeds the

criterion, IANS is set to one and JHAT is increased by one in the

calling subroutine. If temperature (or velocity) of the zone is

greater than or equal to Z2, it sets IANS= and returns. The

calling routine then modifies JHAT accordingly.

SIPFTC JHTT REF
SUHRIOLJTINF JHT(TUZ2, IAS)
IANS=C
IF(T.GE.Z2) IANS=
RETUQN
FND

$IBFTC JHTU RFF
SUBPUTINF JHT(TUZ2tANS)
IANS=C
IF(U.GE.L2) IANS=
P'E TUR N
FND

+ or
i 0
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17. ROAEXP(C)

ROAE'tP is called by EXEC. it does the non-hydrodynamics

calculations for explicit radiation problems.

The P. E and T convergence schemes are essentially the same

as those for ROA for hydro only. In addition, ROAEXP calculates

K, K-?1 and L.

SIBFIC RUAEXP REF
SUBROUTINE ROAEXP(C)

C COMMON CARDS LABELED IIXA21 AND IIA2B1 GROUPS TO BE PLACED HE
INTEGER DELTA, REGNO, UNCGS* UNMKS
REAL KMIN9 KMAX9 KP, KPO KOM

C SEE TABLE FOR OTHER SINGLY LABELED COPMON CARDS TC BE PLACEC HE
DIMENSION CUl)
J-1

IR=i
I EX-O.

P12=PRM(J+1)
ICOT=O

IC EGtJ,1)=EGM(J,1)+(P12*Q(J+I) )*(VLM(J41)-VL(J+I))+
1 DTP*(ELP(J)-ELM(J41))/OMASS(J+1) - D(J4I)
CALL GETVAR(2,2,EG(J4I) ,VL(JtI ),JTEM(J+l) ,C)
rEM4(J41)=TEP'(J+I )**4
CALL PEK(1,MAT(J+1),TEM(J+l) ,VL(J+I),JOPR(J+lhvCI
IF(NCOT.GT.1O) GO TO 2C
!F(ARS((EX-FG7(J*l)1)/EG(J+1)).LL.X6) GOl TO 50

P12=(PR(J+1 )+PRM(J+1) )/2.
LX=EG(J+1)

NCOT=NCOI+ I
GO 10 10

20 PRINT 1000, EXEG(J+I),TFM'(J+l)tJvPR(JO1)
ICCC FORMATtLIHOROAR ERROR 3E16.7,16#E16.7)

CALL EXIT
5~C IF(J.GT.JSTAR*1) GO TO 10C

TAM(J)=( (TEI",(j41)+TEM4(J) )/2. )**.25
IF(J.NE.1) GC TO 90
IF (NKMIN.EQ.C) KMA(J) = 0.
GO TO 95

9c CALL PEK(3,I'ATCJ) ,TAM(J) ,vLIJ) J-lCKMIJ),C)
q5 CALL PEK(3,MAI(J+fl ,TAM(J),VL(J41),J-1,OKP(J),C)

KDM(J)=.5*DMASS( J)*KM(J) + .5*CMASS(J+I )*KP( J)

IF(R(J).LE.C.) GO lD 100
ELM=k R(J)**(?*(DELTA-) )*(TEM4(i)-TEM4(J+i) )/KOP(J)

ICC IF (J.GF.JPAX) RETURN
IF (J.GT.JSTAR+l) GO TO 12U

115 J=J4I
GO TO0 1

12C IF(J.LF.JIIAT41) GC) TC 115

- 4
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13( IF(tFV'(JSTAQ41).LL.Z1) GOI TO 15C
IF(ZI.EQ.0.) GO TO 150
JSTAR=JSTAR+1
1F(JSTAR.LY.JHAT) Ga TO 13U
JHAT=JHAT+ I
GO T C 13 0

150 1F(TEP(JtHAT+L).LE.Z2)G0 TO 160
JHAT=JH-AT+ I
GO TO 150

160 IF(JI4AT.GT.JMAX) JHAT=JMAX
1F(JSTAR.GE.JMAX) JSTAR=JMAX-1
RETURN
ENC

18. TSREXP(C)

TSREXP is called by EXEC. It controls the size of At in explicit

radiation problems.

SIBFTC TSREXP REF
SUBROUTINE TSREXP(C)

C COMM4ON CARDS LABELED /IKA2/ AND /IKA2B/ GROUPS TO OF PLACED HERE
INTEGER DELTA9 REGNO# UNCGS9 UNMKS
REAL KMINq KMAX, KP, KMq KOM

C SEE TABLE FOR OTHER SINGLY LABELED COPMON CARDS TO BE PLACEC HERE

IF(ICK.EQOAND.IH.EQ.0.AND.IP.EQ.0) GO TO 5
CTM2 aDTP
OTMI = O
CYP *DTPS
DT a DTS

5 ,Jal
JGAMMAz j
IFIZ1.NE.O.) GO TO 10
XIO*DTP*2.
GO TO 150

10 X1IODTP*2.
50 CALL PEK(2.MAT(Ji1) ,TAMIJ+l),VLIJ41),J,1,DEC)

XIOTRMzDMESSIJ+I)*KDM(J+1)*DE/(8.*R(J41)**(2*(DELTA-1))
I *TAM(J4I)**3)
XIOTRM-ARS( XIOTRM)
IF(X1OTRM.GE.X10) GO TO 100
JGAMMAxJ
XIO-X1OTRM

100 IF(J.GE.JSTAR) GO TO 150
J-J+I
GO TO 50

110 Jal
REGNO- 1
X20-0.
X30*0.



160 XXuR(J,1)**(2*IDELTA-1) )*P(J~l)*C3IfEGNGI/IVLtJl )*DNASSIJ*11*0;
IF (XLE*X201 GO TO 20O
X20.xx
JONEGAsJ

200 IF (VLNIJ+1)-VL(J.1).LE*Ool G0 TO 220
XXSIYLNIJ*IVLIJ*II )*C4IfEGNO)/VLIJ4U)
IF IXX.GTX301 GO TO 240

220 IF(J.GE.JHAT 1 60 TO 260
JnJ,1
IF (J*LE*JRfGfREGNlO) I GO TO 160
REGO. REGNO+ I
GO TO 160

240 X3OXX
JLAM-J
GO TO 220

260 X40=OTP

270 IF(Xi*1.GE.X401 GO TO 280
X4OsS .*X40/9*

SLln*.
GO TO izl

260 IF (X20$X40**2,LT.I.) GO TO 300
X40= 8.*X40/9.
SLIal.
60 TO 280

300 IF (X30*X40/DTPLT*Iol GO TO 320
X4Oan8.*X40/9.
SLI-I.
GO TO 300

320 IF (SLI.NE.0.) GO TO 340
X40w9.*X40/8,
SLIal-.

GO TO 270
340 IF(X404.NE*0.) GO TO 341

PRINT 7000, XlOvX20,X30#JGAPMAtJONEGAJLAP
7000 FORMAT(E16.7 9316)

CALL PROUTIC)
CALL EXIT

341 OPEGAnX2O*X40**2
ANOAX30*X40/OTP

GAPMAX40/X 10
IF (ICK.NE.O.AND.Iti.NE.O.AND.IP.NEoO) GO TO 1000
OTM luOT
DTMZ-OTP

1000 OTP a X40
0Tm .5*(DTP*DTM2)
RETURN
END
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19. CDR(C)

CDR is called by EXEC. It computes the radiation depletion

term.

SI8FTC, CDR REF
SUBROUTINE CDR(C)

C COMMON CARDS LABELED /IKA2/ AND /IKA2S/ GROUPS TO BE PLACED HERE
INTEGER DELTA, REGNO, UNCGS, UNNKS
REAL KMIN, KMAX, KP, KM, KOM

C SEE TABLE FOR OTHER SINGLY LABELED COM4MON CARDS TO BE PLACED HERE
DIMENSION CC))
DO 5 JR=1,J.5

5 THSMM(IRI= THSUM(IR)
DO 10 IR-115

10 THSUM(IR)-O.
IFLAG=O
SUMDLuO.
JM IN=JHAT
IR 1

11 IF(JREGIIR).GE.JMIN-1) GO TO 13
IR- IR+ I
GO TO 11 ;

13 CALL REGSR(IRSR)
IF (IRAD.EQ.2.OR.IRAO.EQ.5) GO TO 32

12 IF (IRAD.EQ.3.OR.IRAD.EQ.6) GO TO 14
IF (IR.NE.NREG) GO TO 14
ETA z I./(1.293E-3*VL(JMIN))
T4 a TEM(JMIN)**4
FLAM - .24E-3*((1.+1./(100.*ETA))/T4**2 + 1000./ETA**.33333333)/
I (ETA*T4)
GO TO 16

14 CALL PEK(3,MAT(JMIN),TEM(JMIN) ,VL(JMIN),JMIN-1,0,FKC)
FLAMaL .3212E43*VL( JMIN)/FK

16 DELER-R(JMIN)-R(JMIN-1)
IF(0ELER/FLAP.GT*1.) GO TO 15
DELIL=DELER/FLAM
GO TO 20

15 DELIL-1.I
20 IF(DELIL.LE.I.-SUMDL) GO TO 25

DELIL-1.-SUMDL
25 SUMDL-SUMDL+DELIL

THETA(JMIN)-1.134E-3*( (R(JMIN)4R(JMIN-1))/2.)**(DELTA-1)*TEM4(JINk
I )*DTP*DELIL
IF (IRAD.EQ.7) THETA(JMIN)aTHETA(JMIN)*25./(25.+3.5*TEMSQ(JNIN)+
1 TEM3(JMIN))
IF (IRAO.EQ.4) THETA(JMIN)=THETA(JNIN)*25./(25.+3.5*TEMSQIJMIN),
1 TEM3(JMIN))

VU- -

-T-'



THSUNI IR)-THSUMI IR)*THETAIJMIN)
OEJ04tN4uT"ETAIJPtN12.*DMASS$JMIN)

26 CALL lOWSR(JMIN-19SZ)
TtETAIJ4NNsTHETAIJONI-2.*DASS(JN)*ESR.SZ)*OTP
DfJl4M)w0IJth)N-t SR4SZ)*0TP
IFIIFLAG.NE.0) GO TO 30
IFISUND4..GE*.. GO TO 3S
IF(JNIN*Lfol) GO TO 40

IFtKRoEQ1I) 60 TO 12
JFIJPNNI*GT*JREG(IR-1)) GO TO 12
IRSIM-1
CALL REGSRIIRSR)
GO TO 12

30 JOIN-JOIN-1
RFIJPIN.LT.1) RETURN

32 IULAG-1
33 DIJMN!W)nO*

THETA(JMINIaO
IFIR.EQ.1) GO TO 28
IFIJPIN-1.GT.JREG(IR-1)) GO TO 28
I Ru R-1
CALL REGSRIIRSP)
GO TO 28

3S IFLAGul
J"IN=J"IN-1
GO TO 33

40 RETURN
END
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20. ROAIMP(C)

ROAIP is called by EXEC. It computes the first guess for

energy, temperature and pressure for implicit radiation.

SIFFTC ROA!JAP REF
WUBROUTINE ROAIPP(C)

C C'2MON CARDS LABELED /IKA2/ AND /IKAB/ GROUPS TO BE PLACED HERE
INTEGIIR DELTAv REGNU, UNCGS, UNMKS
REAL KMIN, KMAX, KP, KM, KDM

C SEE TABLE FOR LTHER SINGLY LABELED COMMON CARDS TO BE PLACED HERE
DIMENSION CUl)
TFPSQ( I)=TFM(l)**2
TEM1( l).-TEMSQ( 11*TEM( 1)
TEM4 1 )=TEMSQ( 1)**2
J= I

1 EG(J+1)=EGtM(J+1) - D(j+l) + CTP*(ELM(J)-ELM(J+l))/
I DMASS(J+l) +(PRM(J+l)+Q(J+1))*(VLM.(1+1)-VL(J+l))
IF(EG(J+I).LE.0. ) PRINT l00,JtEG(J+1),EGM(J.1),O(J+1),OrPELM(J),
IELM(J+1),DMASS(.J+1),PRM(J+1),Q(J+l),VLM(J+l),VL(J+I)

IC0C FORMAT I93H0J*EG(J+l) ,EGM(J+1),D(J+1),DTh~,ELM(J),ELM(J4IhOMASS(J+
ll),PRM(J41),O(J.1),VLM(J+1),VL(J+1) 1/1 10t5E20.7//6E20.7)
CALL GFTVAR(2,2,EG(J+1),VL(J+1),JTEM(J+l),C)
TEMSQ(J-I )=TEM(J+1) *TEMf J.1)
TEM3(J+l )=TEPd(J43.)*TEMSQI J+l)
TEM4IJ+l)=TEJ"SQ(J*1)*TEMSQ(J+1)
CALL PEK(l,MAT(j+1) ,TEM(J41) ,VL(J+1),J,0,Ptk(J+I),C)

10 IF(J.GE.JMAX) RFTURN
IF(J.GE.JHAT) GO TG 20
J=J.1

2C IF(TE?4(JI4AT+I).1f.Z2) RETURN
JHAT=JHAT+l
RETURN
E N0
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21. ROB (C)

ROB is called by EX.EC. It computes the first guess for opacity

and luminosity.

SIIEFTC ROB8 RFF
SUBROUTINE ROOKC)

C COMMON CARDS LABFLED /IKA2/ AND /IKA28/ GROUPS TO BE PLACED HERE
INTEGER DELTA, REGNO, UNCGSt UNMKS
REAL KMIN, KMAXv KP, KM, KOM

C SEE TABLE FOR OTHER SINGLY LAOELEO COPMON CARDS TO BE PLACED HERf
DIMENSION C(1)
J= 1

1 TAM(J)=( (TEM4(J+1 )+IEM4(J) )/2. )**.?',
IF(J.NI-.1) 6O TO IG
IF (NKMIN.GT.C) GO TO 15
KM( I)=O.
GO TO 15

IC CALL PFK( 39,AT(J) ,TAM(J) ,VL(J) ,J-1,OKM(J),C)
15 CALL PEK( 3,MAT(J+1),TAM(J),VL(J+l),J-lCKP(J),C)

KDM(J)=(OMASS(J)*KM(J) + DIASS(J+1)*KP(J) )*.5
IF(R(J).LE.U.) GO TO 20
CL(J)= R(J)**(?*(DELTA-1))*(TEM4(J)-TEM4(Jel) )/KDM(J)
IF(J.Nt6.1) GO TC 17

17 CALL PFK(3,MAT(J),TAM(J),VL(J),J-1,1,DKMMC)
18 CALL PFK(3,MAT(J+1) ,TAM(J),VL(J+I),J-1,1,DKMPC)

OKDMTM=DMASS(J+I)*DKMP+r)MASS(J)*DKMM
DKL)P(J)=.?*(T(J+)/TA(J))**3*CKDMTM
OKrwM(J)=.25*(rEM(J)/rAM(J))**3*OKDPMM

2C J=J+ I
TF(J.L1.JSTAR+1) GU 10 1
PETUPN
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22. ROC (C)

ROC is called by MXC. it calculates the coefficients for the

forward backward substitution./

$IruTc ROC RLF
SUBROur!NL ROCKC)

C COMMON CAPOS LABiELED IIKA21 AND /!K6?PI GROUPS TO BE PLACED HEREI
INILGFR DLTLA, RUGNfl, U1NCGSI UNMKS
REAL KMINI KP'AX, KP,~ K14, KOM

C SIL TABLE FOR CTHER SINGLY LhBELF) COMMON CARDS TO BF PLACED HiERE
OIMWFNSI(ON CU(I
J= 1
IF(P(1).LI-.o.) GO TO 10
H'.=P(1)**(21*(DF.LTA-j))
A=A4*4.*T-!3(2),EL(1)*OKI)MP(1)
G( I)=A/KDM( 1)
CAPJ( 1)=O.

1 +cQ(J+t))*(VLM(J41)-VL(J+1fl) - THETAIJ+1)
CALL PEK(2,MAT(J+l),TEM(J,1),VL(JI ).1,1,OEC)
CALL PEK(lMAT(JI) ,IEM(J+1),VL(J+1),J,1,cpc)
CAPC(J41)=2.*DMASS(Je1)*(OE.DP*U(VL(J+I)-VLe(J+l))/2.))
H(J+l)= CAPC(J+1 )4UTP*GiJ)
CAPK(J+I)= SIG(J41) + DTP*(ELfJ),ELId(J)-EL(J+1)-ELII(J+l), +

I DTP*CAPJ(J)
599 FORMAT (1418L16.8)

IF (IC.GE.25) PkINT 999,JSlG(J+1),FG(J41),PR(J+1),,IHETA(J+1),DE,
I DP,CArPC(J+1JCAPK(J+1)
IF=(J.I)**(2*(OELIA-lfl
R4F(JGTJ1)*ZR'E-R
SAG=R4*(TFY4(Js.1)-TEP4(J+2) ) - KDP(Js1)*EL(J+l)
A=R4O*4.*rTM3(J4)+EL(J+1)*DKDMP(J+l)
tH=R4*4.*TFM3(J*1)-EL(J+1)*flKOP(J+l)

CAPJ(J+1 )=(H(J,1)*S GIL3*CAPK(Je1) )I
I (KOM(J+1)*H(J+I)+DTP*B)
IF (!C.G .2S) PkINT 999,JSAG,KDM(J+),APDMH(J+1),DKOM(J+1),

1 HIG(J+1) ,CAPJ(J+l)
J=J+ I
GO TC 10
END)
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23. RDI(C)

RDI is called by EXEC. It calculates 6T and 61, and the new

temperature and luminosity. RDI also determines whether T and L

have converged or not.

SUBROUTIN- RDI(C)
C COMPCN CAROS LAHFL(10 /IKA2/ AND /IKA2P./ GROUPS TO BF PLACFD HERf

INTEGER DELTA, R~EGN69 UNCGS, UNMKS
R*EAL KMIN, KMAX9 KF~, KM9 KOM

C SEE TABLE FORk OIHFR SINGLY LAPFLID CCOMMN CARDS TO V~F PLACEC IIERF
0 I FN SI ON C ( I
J=JSTAkf I
IF tIC.(;F.?5) PRINT 6C00, rFm(J+1)ITM(J),TFM(J-1),TEP1J-)

IF (IC.GL.2 ) PRINT 8CC0, EL(J+I),EL(JbVFL(J-1),ELfJ-2btEL(J-3)
8CCC FORMAT (5H-t.tl)

I F ( IC.h C. 2S) Pk INT 7CC 3
7003 FORPAT (1?5H0ICtJ, I TL?0, T, DLI

1 L, - CAPK, 149 X L,
2 x T

J= J T i,!+ I

I S 2 1

I 54=1
ET&P=CAPK( J+1 )/I4( J+ I)
TF(J+l)=TM(J+)+rt-V
1 F( TEM (J+ I .GE. C.)L Tr' 50

F=-TEM(J+1)/(?.*(OTH')

TEM'( J+ I )= I 'A(J+ I ) +F*1, 1

1 F Z I T5 T rF' J + I) CtB I'.4u
J S1 A R J TAk + I

f(0 IF(ICL.?) ( V

XL=PL/X'/IL(J41)

PR~INT 7'tJ4,I(,JCfLMgltfr,(J+1),LL,tL(JI),F,CAPK(JL),H(J+1),XL,XT

)~J=J-l
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61 IF (J.NE.O) GO TO 100
IF(RMIN.LE.0.) GO TO 62
OL=-G( 11*DTEM+CAPJ( 1)
ELtI )=EL( 1)*F*DL

62 IF (IC.LE.5) GO TO 70
IF (ICeLE*28) GO TO 12
GO TO 9998

10 IF (1S3.NE.1) GO TO 65
72 IF 11S4*EQ.2) GO TO 65

IRE TRN=2
RETURN

65 IRk7RN-1
RETURN

100 DL=-G(J+1)*OTEM*CAPJ(J*1I
EL(J*1)nEL(J*1P4F*OL
IF(ISI.EQ.2) GO TO 120
IF(ABS(DL).LE.ABS(X2*EL(J*1)1) GO TO 120
IF(AS(EL(J.1)k*LE.1.OE-15) GO T0 120
IF(J.GT.JSTAR-31 GO TO 120
ISI-2
IS3-2

120 OTEP=(-DTP*DLCAPK1.o*;i))/H(J*1)
TEMIJ,IuTEMIJ*k)*F*OTEM
IF(TEMIJ+1).GE.0.) GO TO 130
IEM(J+l)-TEN(J+l)-F*OTEM

TEMIJ+IisTEM(J*1 )*F*DTEM
130 TEMSQ(J+1)=TEM(J41'De*2

TEM3J*1).TEMIJ+1)*TEMSQIJ*1)
TEM41J!)-TEMSQIJ+1)**2
IF(1S2.EQ.21 GO TO 60

140 IF(ABS(OTEM).LE.ASS(X3*TEM(J41))) GO TO 60
IF (IC.GT.10.ANO.ABS(OTEM).LE.ABS(4.*X3*TEM(J+1))) GO TO 60
IF IIC.GT.15.AN6.ABS(DTEM).LE.ASS(20.*X3*TEM(J+1))) GO TO 60
IF (IC.GT.20.ANO.ABS(DTEM).LE.ABSI100.*X3*TWM(J,1I))) GO TO 60
IF IIC.GT.25.ANO.ABS(DTEM).LE.ABS(1000.'X3*7EN(J+1))) GO TO 60
1S2=?
1S4,z2
GO TO 60

9998 PRINT 7001
7001 FORMAT(2.OHOTOO MANY ITFRATIONS)

CALL EXI*
END
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24. ROD(C)

ROD is called by EXEC. ROD uses the new temperature and

luminosity to calculate the new opacity, energy and pressure.

$IPFTC PGU, PUP~
C SU tT IN I- kRI ( C)

C CrI*MCN CAPOS I.At.FLtIU /IKA?/ ANC /TKA2fi/ GROUPS TO BE PLACED HERE
INTIG R 'FLTrA, REUN0, UNCGS9 UNMKS
QILAL KM1Nq KPAX, KPv KM, KCM

C SEt 1AtVLt I-C OTHER SINGLY LAf3FLED COMON CARDS TO BE PLACED HER

I 1IHJ.CT.JSTAR) RFTURt'
TAM(J+1)=((TEM4(J+1)+1UM4(J+2))/2.)**.25
IF(J.NI-.C) GO TC 10
KM( fl=C.
P K frM= 0.
GO T P I'

2C CALL PFK(3,HAT(J+1) ,TAM'J* ) ,VL(J+1),J,1OKM(J+L),

15 CALL PEK(3,hMAT(J4+2) ,TAMA(J+I) ,VL(J+2),JOKP(J+1),C)
25 CALL PFK(3,tVAT(J+2) ,TAP(.I+1)vL(J+2),J,1,DKMPC)

KOH(J+I=(OASS(J+I)*YM(J+1)+D)MASS(J+2)*KP(J+I) )*.5
I)KC~TM=OWPASS(J+2)*DKMP+D,4ASS(J+1)*D)KMM
rKCmP(JI)=.25*(TEM(J42)/TAM(J+l))**3*DKCpaTM
OKDwvJ+I)=.25*(H(J+)/TA(J+l1)**3*DKDPflO
J=J+ 1
CALL PEK(?,tdAT(J+I) ,T1M(J+1) ,VL(J+1),JOEG(J+lb))

CALL PEK( I MAT(J+1) ,TEM'(J+l) VL(J+1),JOPR(J4I),C)
GOj I r I
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25. ROE (C)

ROE is called by EXEC. It calculates temperature, energy and

pressure for those zones between J-j and J'J.

SIBIFTC ROE REF
SUBROUTINE ROE(C)

C COMMON CARDS LABELED /[KA2/ AND IKA281 GROUPS TO BE PLACED HERE
INTFGER DELTA, REGNO, UNCGS, UNMKS
REAL KMIN* KPAX, KPI KM, KDP'

C SEE TABLE FOR OTHER SINGLY LABELED COMMON CARDS TO BE PLACED H~ERE
OIPFNSION C(1)
IF(JHAT.EQ.JMAX) RETURN
IF(JSTAR+l.GT.JHAT) GO TO 60
IF(JSTAR+I.FQJHAT) GO TO 80
J=JSTAR+2

20 [Q=C
3C CALL PEK(2vMAT(J.I) ,TEM(J+1),VL(J+l),J,0,EG(J+l),C)

CALL PEK(?,MAT(J+l) ,TEM(J*1),VL(J+1),JtlCEC)
CALL PEK(I ,MAT(J+1) ,TEM(J+1) ,VL(J+I),J,0,PR(21+1),C)
CALL PEK(l,MAT(J+I),TEM(J+1).VL(J+I1),JtlOPC)
SIG(.Jel)=2.*ltPASS(J.I )*(EGPf J+1)-FG(J+1).( (PR(J+1 )+PRM(J+1) )/2.

1+C(J+I) )*(VLM(J+1 )-VL(J.1) )-TIPETA(J+l)
CAPC(J+1)=2.*DM4ASS(J+1)*(DE+DP*(tVL(Je1)-VLM(J+1))/2.))
DTFP=SIG(J+ I)/CfAPC( J+.
TFM(J+1)=TI-M(J+1)+DTEP
fHMS0(J+I)=IEH(J*1)**2

TE14(J4j)=TEmS(J+1)**2
IF(TEP~(J11kLT.C.) GO TOi 999
IF (IC.GI.20.ANO.ABS(OTEM).LE.AES(4.COO*Xk*TEM(J.I))) GO TL 40
IF (IO.GT.?2.ANI2.ABS(DTFM).LE.ABS(2C.O0*X1*TEM(J+l))) GO TO 40
IF (IQ.GI1.24.AND.ABS(CTFM).LE.AFS(100.0*X1*TEM(J,1))I GO TO 40
IF(APS(flTtM).LI.ABS (X1*TEM(J+1))) GO TO 40

I F (10 .L E . I C C 10 30G
IF (IrQ.11) WRITE (6,2000)

2CCC FOkMAT (1C4H(J, OTFM, TEP(J+Ii, FG(J41),
O F, PQ(J+I'), OP, 1Q)

WRTIE (6, ICCO) J,DTF-M,TFM(J+l ), r(J+1),DE,PR(J*1) ,DP,IQ
ICCC FORMAT (14,IP6El6.8,14)

IF U1(.Lr.15) GC TC 30
IF (Ilf.GT. 16) ('f TC 5C
TEM(Jel)=TFM,(Je1)-OrEM/2.

Ft-:PSI ( J + I ) T EM S( J + 1 ) *TFP(2
rf?-i(J+l)=TtMSQ1J+1)**F2JI

GO TL il;
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4c J=JI
IE(J LL.JHAT) GO TO 20
IF(12.GT.TFMfJ+1)) RETURN
JHA TJHAT+ 1
RE TURN

9c IF (IQ.LE.26) GO TO 10
CALL FXIT

60 IF(Z2.LE.TEP(JSTAR+2)) GO TO 70
JlHAT=J STAR. I
RETURN

70 JHAT=JSTAR+2
RE TURN

80 IF(Z2.GT.TEM(JSTAR+2)) RFTURN
JHAT=JHAT+ I
RE TURN

999 PRINT 70CO
7COC FORMAT(21HOEMP. iENT NEG. ROE.)

CALL PROUT (C)
CALL EXIT
END
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26. TSRIMP(C)

TSRT14P is called by EXEC. It controls the size of ft for

implicit radiation problems.

SJ8F7C TSR1MP REF
SUBROUTINE TSRIMP(C)

C COMMON CARDS LABELED /IKA2/ AND /IKA28/ GROUPS TO BE PLACED H
INTEGER DELTA, REGNOv UNCGSt UNMKS
REAL KMIN, KMAX9 KPq KM, KOM

C SEE TABLE FOR OTHER SINGLY LABELED COMMON CARDS TO BE PLACED H
DIMENSION C(I)
IF(ICK.EQ.O.AND.IH.EQ.O.AND.IP.EQ.O) GO TO 5

DTM2 -DIP
DTMI - T
DIP =OIPSj

5 IR=1
J= 1
JGAMMAI.
IF(Zl.NE.O.) GO TO 10
Xl O=DTP*2.
GO TO 150

10 XIO=DTP*2.
50 CALL PEK(2,MAT(J+1) ,TAM(J41),VL(JI),JIDEC)

XIOTRMwC5UIR)*DMESS(J+1)*KDM(J41)*DE/(8.R(J+1)**(2*(DELTA-1)
1 *TAM(J+1)**3)

XIOTRM-ABS(CXIOTRM)
IF(XIOTRM.GE.XIO) GO TO 100
JG AKMAzJ
X1OzX1OTRM

100 IF(J.GE.JSTAR) GO TO 150
JZJ+I
IF(J.LE.JREG(IR))GO TO 50
IR=IR4I

GO TO 50
150 J-1

REGNOw I

X20-t0.

160 XXzR(J+I1)**(2*(DELTA-1) )*PR(J41)*C3(REGNO)/(VL(J+1)*DMASS(J41)
IF (XX.LE.X20) GO TO 200
X20OXX
JOME GA-J

200 IF (VLM(J+1)-VL(J41).LE.0.) GO TO 220
XXaIVLM(J+1)-VL(J*1fl*C4(REGNO)/VL(Je1)
IF (XX.GT.X30) GO TO 240

220 IF (J.GE.JHAT) GO TO 260

IF (J.IE.JREG(REGNO) ) GO TO 160
REGNO=REGNO+ I
GO TO 160
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240 X30=XX
JLAM=J

GO TO 22C
26C X40=VTP

SLI =C.
270 IF(XIO.GE.X40) GO TO 280

X40=8.*X40/9.
SI 1=1.
GO TC ?7C

280 IF (X20*X4C**2.LT.1.) GOC TO 300
X40z 8.*X40/9.
SI 1=1.
GO TO 280

300 IF (X30*X4C0TP.LrI.) GO TO 320
X40=8.*X4C/9.
SLII.
GC re 3C0

32C IF (SLl.NE.0.) (;(, Te 34C
X40=9.*X40/8.
SI 1=1.
GO TO 27C

34C OI EGA=XC*X4C**2
AM8DA=X3O*X4C/CTP
GAPMA=X4C/XI0

IF ( ICK.NE.O.ANO).IH.Nqz.C.ANP.!P.NE.C) GO TP 1000
CTMI=OT
01 '4i2=CT P

ICCO OTP = X40
C2T= .5*(O)TP+TP2')
PE: TUjPN
FN[)

27. POR

POR is called by EXEC. It prints one line of output at the end

of each cycle.

SIBFTC POR REF
SUBROUTINE POR

C COMMON CARDS LABELED /IKA2/ AND /IKA2B/ GROUPS TO BE PLACED HERE
WRITE (6#7000) NTMDTM2,AMBDA,JLAM,OMEGA,JOMEGAGAMMAJGAMPA,

I JO, JSTAR, JHAT, IC
7C00 FORMAT (16,2EI6.6,EI4.4.,16,EL4.4, 16,EI4.4,516)

RETURN
END
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28. PPR(C)

PPR is called by EXEC. It determines if a print out) energy

edit or history edit is to be taken at the time, and if so calls
the appropriate routine.

SIPFIC PPP PF-F
SUBROUTINF PPP(C)

C COMMC(N CARDS LASELFD /IKA2/ ANI, IIKA?13/ GRCtJPS TO BE PLACEC HERE
IN Ti-G-k DFLIA, Rt -NC, v JNCGS,# LNMKS
R&EAL KMTN, KMAX, Kv, KM, KOM

C SFE TABLE FOP 01'HfR SIN~GLY IAFFLLO COPPON CARDS TO BE PLACFC HERF
CIMUNSION C(I1)
JR =I

1 IF tJREG(1R+1).lF..O.AN).(RAGC2.U4.IR4C.FQ.5)) GO TO 10

CKY(1R)=LKY(IR)+(FLM(SU)*DT'l+.2*(THSUCI'l+THMPw'(I)))
1 *3.C-j3F-3
JR = JR +1
IF(I-1.GI.NHR-G) GO TC 144
(GO TG b

IC THtTA1.1341-3*((R(J?'AX)+R(JMAX-1))/2.)**(DELT4-1)*TEMi(JMAX)**4*
1 OTPI
CKY(IR)=CKY(IR)+THETA*I.5015F-3

144 IF(NOCK(1).CCJ.0) GO TC 300
145 IF (NENCK.GT.N) GO TI; 184

CALL £E.HECK
15C 1=1
160 IF (N.LT.NCKC(l) ) GO TO 180

1=2
16~2 IF (N.LT.NCKC(1).ANO).N.GF.NCKC(1-1)) GO TO 180

IF (I.GF.6) GO TO 180
I =I+1 I

GO Tfl 162
180 NENCK=NFNCK+NCCK( I)
184 IF(NCH(i).E(..l) GO TO 400

185 IF (KtIST.GT.N) GO TO 94
CALL HIST

190 1= I
2CC IF (N.LT.NHC(l) ) GO TO 220

1=2
2C2 IF (N.LT.NHCCI).AN0.N.GF.NHC(I-1)) GC TO 220

IF (!G.)GO TO 220
I =14 1
GO TV 202

220 NhIST=NHIST4NCH(I)
94 IFe40P1l.FQ.C) GO TO 500
q5 IF (NFRT.GT.N) GO TO 225

CALL PRCUT(C)
1ccI =i1

'0o
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120 If iN.LT.NPC(l)) GO TO 140
1-2

122 IF (N.LT.NPC(I).AND.N.GE.NPC(1)) GO TO 140
IF (I.GEob) GO TO 140
1-1+1
GO TO 122

140 NPRT=NPRT+NDP( I)
225 RETURN
300 IFIICK.NE.O) GO TO 350

IF (TN4OTP*(1.G1.E-7).LT.TMCKL*DTCKIICK2)) GO TO 184
ICK- I
OTSO07
OTPSmOTP
OTPuTMCKL.OTCK( ICK?)-TM
DT=.S*(OTP+OTM2)
GO TO 184

350 CALL ECHECK
ICK-0
TACKL-TMCKL+DTCK( ICK2)
IF(TMCKL.LT.CTCK(ICK2))GO TO 300
ICK2=1CK2+1
GO 10 300

400 IFIIH.NE.0) GO TO 450
IF(TMqDTP*(1.+1.E-7).LT.TMHL4DTHtIH2))GO TO 94
Maul
IM(CKoNE.0) GO TO 410
DTS-DT
OTPS-OTP

41C DTPaTMHL+DTH(1H2)-TM
DT=.5*(DTP.DTM2)
GO TO 94

450 CALL HIST

TMt4L-TMHL+DTHI44112)
IFITMHL.LT.CTH(!H2)) GO TO 400
IH2zIH?+i
GO TO 400

500 IF(IP.NE.0) GO 10 550
IFITM+OTP*Il.,1.E-7).LT.TMPL4DTPR(IP2)) GO TO 225
IP=1
IF(ICK.NE.0.CR.IH.4E.O) GO TO 510
DTS-DT
DTPS-0TP

510 OTP-TMPL.DTPR(1P2)-TM
0!-.5* ( T P.DTM2 )
6O TO 225

550 CALL PROUT(C)
IPSO
1NPL-TMPL*OTPR( IP2)
IF(TMPL.LT.CYP(1P2') GO TO 500
1P2=1P2+1
GO TO 500

END
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29. HIST

HIST is called by PPR. It writes a history edit on FORTRAN

logical tape 12.

SISFTC HIST REF
SUBROUTINE HIST

C COMMON CARDS LABELED /IKAZ/ AND /IKA2§/ GROUPS TO BE PLACED H,
INTEGER DELTA, REGNO, UNCGS, UNMKS
REAL KMIN, KNAX, KPt K149 KOK

C SEE TABLE FOR OTHER SINGLY LABELED COMMON CARDS TO BE PLACED H$
CO#IMON /EOSCON/ MEOS, IOEOSW*) IORDER(46) IBEG'T(396), DUM,
I IBEGV1396)v IDECC13*6)
WRITE (12) NREGJMAXNRSRCENZSRCEMNINNEMAXP4KMINNKMAXMPM
I NPMAXNTMIN,*TMAXNUM,NUMAXDTsDTPDELTAREGJONNFJZDRCv
2 Zl2,X1,X2,X3,X4,X5,X6,JOJOMJOSJLJSTARJHATtUNCGSUNMKS,
3 TMqRMINtRHAX
JMAX2aJMAX+2
WRITE (12) (f(I),U(I),TEM(I),TAM(I ),YL(I),VLM(t),PR(I),PRM(I),
I EG(I)*EGM(I)*KP(I)t KM(I),DMASS(I ),DMESS(I), TENSQ(I)vTEN3(I)
2 TEM4(1),KOM(I),EL(I),ELM4I),MAT( ),Q(I ),I-1,JMAX2)

WRITE (12) (RRG(t),JREG(IlCl(I),C2(l),C3(I),C4( ),C5( I),EO(I
1 CKY(I) ,SUM2(I),1m1,15),MEOSIDEOS
WRITE (12) (NDH(I),NHC(I),NDP(I ),NPC(I),NDCK(flNCKC(I),EMIN(I
I El4AX(I),t-flIN(I),KMAX(It),PflIN(I )9PMAX(I),TMIN(I),TMAX(I),UNINI
2 UI4AX(I ),TEIIN(I),TEMAX(I),TKNIN(I ),TKMAX(I),TPMIN(I),TP4AX(I)
3 TTNIN(I) TTMAX(I),TUMIN(I),TUSIAX(I),OTH(I),CTH( KbDTPR(I),CTP
4 DTCK(I)vCTCK(IbI-1,v6)
WRITE (12) ((ERS(IK),ES(IK),TNRS(1,K),TMS(IK),ial,6),RS(K),
I JS(K),NRS(K),NLS(K),K0Iv10)

J-123456
WRITE (12) J
BACKSPACE 12
PRINT 1000* N

7000 FORMAT(22HOHISTORY EDIT AT CYCLE 1691H.)
RETURN
END

30. ECHECK

ECIIECK is called by PPR. It calculates the total energy in the

problem and prints.
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SIAFTC ECHECK R~EF
SU"OUTItE ECHECK

C C~ONO CARDS LABELED /1KA2/ AND /IKA28/ GROUPS TO BE PLACED HERE
C SEE TABLE FOR OTHER SINGLY LABELED COM4MON CARDS TO BE PLACED HERE

INTEGER DELTA, RfGN0, UNCGS, UNAKS
REAL. XNINt KKAXq XPt XP, KOM~
DIMENS10ON CKE4 15), CKP(15)g CKbWU1)
DO 10 Iu114REG
CKE412 )0.
CKK I 1.0.

10 CRUII)60.
IRU j
Ja I

15 SUNI-0.
SU"3=0.

20 SUMInSSU4I.5*DNASSIJ*k)*IEGIJ,1)tEGN(J.1))
SUP3.S143DIASSU.1I)*(U(J)O*2.U(J.1)$*2)
JaJ*1
IF(J.LE.JREG(IR)) GO TO 20
IFIDELTA.EQ.3) CKC-3.0O3E-3
IFIDELTA.EQ.2) CKCa-5O1SE-3
IF(DELTA.EQ.1) CKCa2.389E-4
CKE( IP)-(SUI41-SUM2t IR) )*CKC
CKK( IR)-SUM3*CKC/4.
CKWfIkI)uCKEI IR)+CKK( IR)

35 IR-iRsi
IF(IR.LEeNREG) GO TO 15
IRuI
PRINT 7000

1000 FOR9IATIIHO,8X,1HE, 15X,1HK21j,HWI5E1HY13X5H-4Y13X#4JREG)
4.0 CKYO-CKY(IR-1)

IF(UR.EQ.11 CKY0O.
WTERP-CKWI IR)-CKYO*CKY( IR)
PRINT 700lCKE( IR)sCKK(Ift)CKW(IRJCKYIIR),WTERMJREG(IRI

1001 FORMAT(M XH E16.6911 0tE22.6,E16.6)
IR.IR.1
IF(tR.LE.NREG) GO TO 40
CKES-O.
CKKS-O.
CKNSO.
DO 50 IR-1,P4REG
CKESUCKES*CKEE IR)
CKKS-CKKS+CKK( IR)

SC CKWS-CKWS+CKW(IR)
PRINT 10019 CKES,CKKS,CKWS
RE TJRN
F"D
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31. PRODT(C)

PROUT is called by PPR. It is a A.P code which prints the

variables specified by the output description deck. It calls upon

those suDroutines COUTI, COUT2, ... , COUT25 corresponding to the

number of the -ari:nle desired to compute if necessary and to scale

the variable.

In FORTRAN version the user must control his own output and

therefore must write his own PROUT.

(Tat Cage I only)
$IBFiC PROUT REF

SUBROUTINE PROUT(C)
C COMMON CARD LABELED /IKA2/ GROUP TO BE PLACED HERE
C SEE TABLE FOR OTHER SINGLY LABELED COMMON CARDS TO BE PLACED HERE

DIMENSION C{1)
DIMENSION RH{202)
JMAX2 = JMAX+2
DO 500 J=1,JMAX2
RH(J) = I./VL(J)

500 TEM(J) = .139*EG(J)
WRITE(6,101)

101 FORMAT (3HO J,6X,6HRADIUS,9X,8HVELOCITY,8X,7HDENSITY,9X,4HTEMP,
I IOX,6HINTENG,8X,8HPRESSURE,8X,6HARTVIS,lOX,4HMASS

K=O
WRITE (6,102) KR(1),U(I),RH(1),TEM(1),EG(I),PR(1),Q(1),DMASS(1)
1=1
,1=2

20 WRITE (6,103) HAT(J)
103 FORMAT (13HOMATERIAL 14)
10 K=J-1

WRITE (6,102) KR(J),U(J)gRH(J)tTEM(J),EG(J),PR(J)tQ(J),DMASS(J)
102 FORMAT (13,IPEI5.5,1P7E15.3)

J=J+l
IF (J.GT.JHAT+3) GO TO 30
IF (J.LE.JREG(I)+l,) GO TO 10
1=141

IF ( .LE.NREG) GO TO 20
30 WRITE (6,04)

C
104 FORMAT (6HO N,IOX,4HTIME ,12X,2HDT ,lLX,6HLAMBDA,5X,4HJLAM ,6Xt

C
I 5HOMEGA ,4X,6HJOMEGA,6X,5HGAMMA,4X,4HJGAM ,3X,2HJO,2X,5HJSTAR,2X,

C
2 4-tJHAT ,3X,2HIC

C
RETURN
END

, .
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32. COUTI(J,IFC), COUT2(JIFC), ..., COUTZ(JIF,C) (RAND version
only)

These function type subroutines are called bf PROUT. They

correspond to tia variables or functions 1, 2, ..., 25 in the output

description deck. They compute, if necessary, and scale the output

vari. le desired.

33. CZR(C)

CZR is called by EXEC. It accomplishes the combining and adding

of zones. If the combining is of the type in which zones are in-

serted at the righthand side of the problem, (indicated by JL < 0)

maintaining an essentially constant R max' CZR calls two subroutines

RBOUND and PBOUND to determine the density and pressure of the zone

which is to be inserted.

$IBFTC CZR REF
SUBROUTINE CZR(C)

C COMMON CARDS LABE-LED /1KA2/ AND /IKA2B/ GROUPS TO BE PLACED HI
INTEGER DELTA, REGNO, UNCGS, UNMKS

REAL KMIN, KMAX, KP, KM, KDM
C SEE TABLE FOR OTHER SINGLY LABELED COMMON CARDS TO BE PLACED HI

COMMON /tOSCOM/ MEOS, lDEOS(6), IOROER(6), IREGT(3,6), DUM,
I IBEGV(3,6), IBEGC(3,6)

I !F(JL.FQ.0) RETURN
CIMENSION C(I)
IF(JL.GT.(,) GO TO 2
CALL RBOIJND(TMRHO)
IF((RMAX-R(JMAX+1)).LT.DMASS(JMAXL)/RHO)) GO TO 4
CALL PPOUND(TM,PR(JMAX+2))
MAT(JMAX+2)=MAT(JMAX 1)

I)MASS(JMAX+2)=DMASS(JMAX+I)
DMESS(JMAX+ )=DM(SS(JMAX)
CMESS(JMAX+2)=DMESS(JMAX l)

6 VL(JMAX+2)=l./RHO
R(JMAX+2)=R(JMAX4I)+DMASS(JMAX+2)/RHO
tALL GHIVAR(1,2,PR(JMAX+? .vl (,IAX+?),JMAX+1 TFM(JMAX+2),C)

CALL PFK(?,M4T(JMAX+,)),TF(JPAX+2),VL(JMAX+2),JMAX+I,O,EG(JMAX+
1 C)
G TfO 9

7 CALL PET(MAI(JMAX+?),TLM(JMAX+2),VL(JMAX+2),EG(JMAX+2),JMAX+I,
9 JHAT=JHAT+l

JMAX=JMAX !
JREG(NREG)=JRL(,(NRE(;)+1
IF(JHAT.GI.IABj(JL)-I) GIJ TO 3
(O TO 1
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4 IF(RIJMAX+l) .GT, DRC) RETURN
CALL PBOUNDfTMPRIJMAX*2))
MATE JMAX.2)xMAT(JMA X+I)
OMASS(JMAX+2)u(RMAX-R(JM4AX+1) )*RHO
D9ESSIJMAX,1)m(DMASS(JIAX+1),DMASSIJM4AX,2))*.5
DM4ESS(.JMAX*2)=DMASS( JPAX+21
GO TO 6

2 IF(JHAT.LE.JL) RETURN
3 MRal
5 IF(JO.GT.JOM-2) GO TO 20

IF(R(JO+3)-R(JOe1).LE.X5*R(JHAT,1))GO TO 10
8 JOujoil

GO TO 5
10 IF(JO+1.LT.JREGIIR)) GO TO 50

IF(J0.I.GT.JREG(IR)) GO TO 15
IR=IR41
GO TO 8J

15 !RWIR'1
GO TO 10

20 J0'wJ0S
JR-I
IFIJO.GT.JOM-2) GO TO 999

D Hl22 1FtR(JO.3)-RIJ041).LE.X5*R(JHAT+l)) GO TO 25
D HI23 JOxJOil

GO TO 22

D Hl25 IFIJO41.LT.JREG(IR)l GO TO 50
D ~ !FIJO+1.GT.JREG(IR) GO TO 28

IR-IRil
GO TO 23

28 IR-IRil
GO TO 25

50 J-jo
AUDMASS(J+1) * 2.*OMESS(j42)v

B'u2.*OMESS(J.2) + DHASSIJ+41
CC-2.*(U(Je1)*DMESS(J+1) * tiJJ21*OPESS(J+21 + U(.J+3)*OMESStJ+31)
0a2.*(UIJ+1)**2*OI4ESS(J+I) + U(J+2)**2*DMESS(J+2) +

1 U(J+3)**2*DMESSIJ*3))
DET-I2.*B*CC)**2-4.*(A,8)08*(CC**2-A*DI
IF(OET.GT.0.) GO TO 53
11(DET.GT.d-1.E-8)) GO TO 52
J2xJ43
PRINT 7OQ1,AvB#CCvDt(DMASS(J1), DMESS(J1l ,UiJ1) ,JlJJ2)

MAX+ 1001 FCRMAT17HOCZR SQRT IS NEG./8SE16.8))
CALL EXIT

52 DET=1.E-16
X+1, 53 UIJ+2)-(2.*B*CC+ SQRTIDET))I (2.*(A+B)*B)

U(J*1)-ICC-B*U(J+2) )/A
EG(JO+21m(EG(J043)*DMASS(JO+3) + EG(JO*21*D54ASS(JO+2) )/

I (2.*DflESS(JO+2))
TEM(J0.2)=(TEM(JO+3)*OMASS(JO*3) 4TEF(J0.2)*DMASS(JO.21)/
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I. (2.*OMESS(JO+2))
OMA SSfIJ0+2 2.*ODME SS( JO*?
IF(JG.EQ.0) GO TO 55
OMESS(J041)=.S*OMASS(JO+1) * DMESS(JO+2)

55 DMESS(JO+2)z.5*OMASS(J044) + DMESSIJO+21
1F(OELTA.LE.2) GO TO 60
VL(JO.2)-(RIJO+3)-R(JO+1) )*(R(JO+3)**2+R(JO043)*R(JO+1)+

I R(JO+1)**2)/DMASSIJO*2)/3.
GO TO 10

60 IF(CELTA.LE.1) GO TO 65
VL(JO,2)-(IRIJO+3)-P(JO,1))*(RIJO+3)4CR(J0,1))/DMASS(JO*2)/2.
GO TO 70

65 VL(J0421z(RIJO+3)-R(JO*1) )/DMASSIJO.?)
10 IF(Utjo*2).LT.U(J041)) GO TO 75

Q(J0I2)w0.
GO TO 80

75 QIJO+2)-C11 IR)*(U(JO+2)-U(JO+1) )**2/(2.*VL(J02))
80 CALL PET(MAT(J0+2),TEP(J0*2) ,VL(JO+2) ,PRIJC42),EG(JO*2)tJ041,C

TEMSQ(JO+2)-TEM(JO+2)**2
TEM3(JO+2)-TEME JO.2 )*'EMSQ(JC.2)
TEN44JC+2 )-TEMSQ(J0+2)**2
J1=JO+2
00 100 J-J1,JMAX
MAT(JI=MAT(J+1)

100 R(J)zR(J+l)
JI=JO*3
DO 110 J=J1,JMAX
UJ)=U(J+1)
DMESS(J)=OMESS(J+1)
EL IJ ) wFLI 1)
VLIJ)zVL(J+1)
VLM(J) = VLM(J.1)

OMASS(J)-DMASSIJ+1)
EG(J)-EG(J41)

EGMWJ - EGM(J*1)
PR(J)-PR(J+1)
PRMIJ) z PRM(J.1)
TEM(J)=T[M(J+1)
TEMSOIJ).TEMSQ(J+l)
TEM31J)-TEM3(J+1)

110 TEM41J)=TEM4(Jt1)
IF (NREG.EQ.1) GO TO 115
IR-I

III IF (JREGIIR).LT.JO) GO TO 113
JREG( IR)zJREGI IR)-l

113 IR=W$+1
IF (IR.LT.NREG) GO TO Ill

115 J=JC
IF1IRAD.EQ.l) GO TO 124

120 IF(JO.FQ.O) GO TO 122
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121 TAM(J+l=( (TEM4(J+1)+TEM4(J42) )/2.)**.25
CALL PEK(3tMAT(J+l) ,TAM(J+l) ,VL(J41) ,J,0,KM(J4L),C)
CALL PEK(3tMAT(J42) ,TAM(J+1) ,VL(J42),JOKP(J41),C)
KOM(J*1)=.5*OMASS(J+1)*KIJ+1) +t .5*OMASS(J.2)*KP(J41)
EL(J+1)= R( J41)**(2*(DELTA-1) )*ITEM4(J'1 )-TEM4(J42) )/KOM(J41)

122 J-J+1
IF(J.LF.JO+2) GO TO 121

124 IF(JL.GT.O) GO TO 123
JHAT-JHAT-1
JOzJo+1
JSTAR-JSTAR- j
JMAX-JMAX-1
GO TO 1

123 IF(ORC.GE.O.) GO TO 130
R(JMAX+1)=R(JMAX)+ABS(0RC)*R(JMAX)
GO TO 14~0

130 R(JMAX1I)uR(JMAX)4DRC
140 MAT(JMAXtl)-MAT(JMAX)

C EL T-DELT A
D-R(JP4AX+1 )-R(JMAX)
IF(OELTA.LE.2)GO T0 150
C-D*(R(JMAX*1)**2+R(JMAX*1)*R(JMAX)+RIJMAX)**2)
GO TO 156

150 IF (OELTA.LE.1) GO TO 156
O-D*(R(JMAX+1)+R(JMAX))

156 IF (EO(IR).NE.0.) GO TO 160
CALL RBOUND(TMRHO)
VL(JMAX+1)= 1./RHO

CALL PET(MAT(JMAX+1) ,TEM(JMAX+l),VL(JMAX*1),PR(JMAX+1),EG(JMAX*Dit
1 JMAX*C)

160 DPASS(JMAX-t)=D/OELT/VLIJMAX+1)
IF (EO(IR).GT.0.) GO TO 162
EZ-EG(JMAX41)

EGM(JMAX41) = EG(JMAXtl)
PRM(JMAX*1) = PR(JMAX4I)
VLM(JMAX+l) =VL(JMAX+1)
GO TO 164

162 EZ-E0(IR)
164 SUM2(NREG)-SUM2(NREG)*EZ*OMASS(JMAX+1)

CMESS(JMAX)zIDMASS(JMAX)+OMASS(JMAX+1))/2.
IF(JO+l.LT.JSTAR) GO TO 170
IF(J041.GT.JSTAR) GO TO 180
IF(TEP(JO2).LT.Zl) GO TO 170
GO TO 180

17C JSTARzJSTAR-1
180 JHAT=JHAT-1

J0=J0,1
GO TO 2

999 PRINT 7000
1000 FORMAT(26H0N0 MORE ZONES TO COMBINE.

CALL EXIT
END
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34. PET(MAT ,TV,P ,E ,J,,C)

PET is introduced to make possible the use of analytic equations

of state that are nct functions of T and V, since in non-radiative

problems it is often more convenient to use P(EV) and ignore T.

Normally GETVAR is called to obtain T from E and V through the function
E(TV), then PEK is called to get P(T,V). In this case the equations

of state are included in the FPI00x and FEI00x form. If the analytic

equation of state is written as P(EV), PET will be the equation of

state subroutine, calculating P from E and V. In this case PET may
also calculate T(EV) if desired, although this is not necessary un-

less j is determined according to a temperature criterion. If the

equations of state are in the normal form, i.e., P(TV), E(T,V), the
deck $IBFTC STNDPT must be present as well as the FPlOOx and FEI00x

(FKlOOx, if necessary). If the special form is used and PET is used

to calculate P and T the FPlO0x and FEIOOx are, of course, not

necessary in the Executor.

$IEFTC STNPT
SUBROUTINE PET(MATTVP PEJC)
DIMFNSION C(M)
CALL GETVAR(2t2,EVJ,T,C)
CALL PEK( 1,PATT,VJ OPC)
RETURN
END

PET

5TART

r .
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35. PBOUND(T,P) and RB0UND(T.R)

PBOUND and RBOUND are called by CZR. They specify P(t) and R(t),

the pressure and density as a function of time, of the zones to be

added. These are only called if the adding and combining of zones

is of the sort which attempts to maintain a constant R.
j max'

36. PEK

See Section V paragraph 18.

SIPFTC PEK -
SUBROUTINE PFK(NQMA, TPVPJNDFC)

C COMMONi CARD LABELED /IKA2/ GROUP TO BE PLACFD HERE
DIMENSION C(OE(9;

CIMENSION C(I)
IF (PA.GE.ICC0) GO TO 20
CALL FINDC(NQ~hATP,VP,C1E ,C)
NI?1=NO+ 1

C
C TRANSFER TO FIND FUNCTIO.N, DERIV W.R.T. T OR OERIV W.R.T. V RESPI

IF (NQ.FQ.3) TP=1./TP
GO TO (10001109120),N01

iCO T2= TP*TP
V2=VP*VP
F=COE(1)+COE(2)/VP.COE(3)*TP+CCE(4)/V2.*CCE(5)*T2+COE(6)*TP/VP+

I COE(7)*TP/V2+COF(8)*T2/VP+CCE('9)*T2/V?
IF (IRAD.FQ.1) GO TO 15
IF(NO.FQ. 1) F=F+2.514*TP**4*1.E-9
IF(NO.EQ.?) F=F+7.54*TP**4*VP*1.E-9
GO TO 15

11C V2=VP*VP
F=COE(3)+COE(5)*2.*TP+COE(6)/VP.CCE(7)/V2+COE(8)*2.*TP/VP+

1 COE(9)*2.*TP/V2
IF (IRAD.EQ.1) GO TO 15
IF (NQ.FQ. 1) F=F+2.514*TP**3*4.E-9
IF (NQ.FQ.2) F=F+7.54*TP**3*VP*4.r.-q
GO TO 15

120 T2=TP*IP
F= COF (2)+COE(4)*?. /VP+CGF(6)*TP+CCE (7 )*2.*TP/VP+COE (8 )*T2+

I COE(9)*2.*T2/VP
IF (IRAD.EQ.1) GO TO 15
IF (NQ.EQ.2) F=F+7.54*rP**4*1 .&-9

[5 IF (NQ.EQ.3) TP= I./TP
CC TL 50



1005 FORMAT (IHO*28H **ERROR IN PEK--NO WRONG.)
20 CALL ANEOS lNQKATPVPF)

IF lNQ.EQ.1.AND.IRAD.NEN1) F=F+2*514E-9*TP**4
IF 4NQ.EQ.2.AND.IRAD.NE.1) FuF.1.54E-9*TP**4*VP
IF iND.EQ.0) GO TO 5O
lWUO
IF (ND*NE*1) GO TO 40
IF IP.LE.0.000I ) GO TO 30
TDIF=TP*.0001
GO TO 32

30 TDIFS.00005
32 YNUTP*TDIF

CALL ANEOS (NQ*MATNVP#FN)
If (NQ.EQ.1.AND.IRAD.NE~l) FN-FN*Z.514E-9*TN**4
IF (NQ.EQ.2.AND.IRAD.NE.1I FNaFN47o54E-9*TN**4*VP
FO-AS( (FN-F'I/FNI
IF (FD.GE.I.E-06) GO TO 33
TOIFa2.*TD CF
lW-I W+1
IF(IW*LT.2) GO TO 32
PRINT 20009 JNQNOIWtTPoTOIFtNPFtFNFD

2000 FORMAT (41696EI6.8)
IF (IW.LE.I0) GO TO 32
F-(FN-F)*1.E-06/ABS(FN-F)/TO!F
GO TO 50

33 F- IFN-F)/TDIF
GO TO 50

40 IF IVP.LE.O0CO1 ) GO TO 42
VoI F=VP*.000 I
GO TO 44

42 VDIFs.00005
44 VN*VP+VDIF

CALL ANEOS (NQMATPVNFN)
If (NQ.EQ.I.AND.!RAD.NE.1) FN&FN+2.514E-9*TP**4
IF fNQ.EQ.2.AND.IRAD*NE.,) FNaFN*7.54E-9*YP**4*VN
FO-ASSI (FN-F)/FN)
IF (FD.GE.I.E-06) GO 70 46
VDlFu2o*VDIF
IW-IW*1
IF I!W.LT.2) GO TO 44
PRINT 2000,JNONDIWTPtVDIFVNFFNFD
IF IIW.LE.IO) GO TO 44
FIfFN-F)*I.E-Ob/A6SfFN-F)/VOIF
GO TO SO

46 F a (FN-F)/VDJF
50 RETURN

END
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37. FINDC

See Section V paragraph 19.

SIBFTC FINOC REF
SUBROUTINE FINDC (NVMATPVP#FC)
COMMON /EOSCOM/ MEOS, IDEOS(6)t IORDER(6), IBEGTI3,6)s DUN,
I I8EGV(3,61, IBEGC(396)
DIMENSION F(9)i C(11

MAIwMA*1
LOOK a IOEOS(NA1)
IF(LOOK.NE. 0) GO TO 5

2 PRINT 70019MA
7001 FORMAT (19H11 MATERIAL NO. =14925H1 IS NOT USED IN THIS JOB.)

RETURN
5 00 6 1-1,6

IF(IORDER(I).EQ.LOOK) GO TO 9
6 CONTINUE

GO TO 2
9 MAI =I
I TABTwO
LL- ISEGT(NF*MAl)
L2- ISEGV(NFNAI)-i
IF(NF.EQ.3) TP- 1./TP

DO 7 1-11,12,2
IFI(TP.GE.C(1).AND.TPLE.C(142)).OR.(TP.LE.C(I),AND.TP.GE,C(J42))

1 ) GO TO 10
ITABTm ITA8T+1

7 CONTINUE
10 IF(NF.EQ.31 TP- I./TP

I TABV-O
L1= IBEGV(NF,MAII
L2= IBEGCINF ,NAI)-1
VP-1./VP

D0 13 141,12,2
LF((VP.GE.C(I).ANO.VP.LE.C(142) ).OR.(VP.LE.C(l).AND.VP.GE.CI 1*2))

I ) GO TO 15
lTABV-1 TAD V.1

13 CONTINUEI
15 NOFT *(lBEGV(NFvMAI)-I8EGT(NFtMAIW)2

ICSUB -I8EGC(NFtMAI)+ ITABV*NOFT*9*ITABT*9-1

DO 20 1=109

20 F(I)- C(ISUB)
VPUI./ VP

RETURN

END
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38. ANEOS

See Section V paragraph 20.

SIeFTC ANt:OS REF
SUBROUTINE ANEOS (NFtMA#TPIVPtF)

10 LA=MA-999
IF (NF.NE.1) GO TO 20
GO TV, 11,12913,14,15,16btLA

11 F = FPI000 (TPVP)
GO TC 40

12 F- [P1001 (TPVP)
GO TO 40

13 F = FP1002 (TP,VP)
GO TO 40

14 F =FP1003 (TPVP)
GO TOJ 40

15 F = FP1004 ITPVP)
GO TC 40

16 F = FP1005 (TPVP)
GO TO 40

2C IF (tF.NE.2) GO TO 30
GO Tt (21,22,23,24,259266bLA

21 F = FEI000(TP#VP)
GO TG 4U

22 F= F&IOOHTPVP)
GO TF 40

23 F= FEIOC2 (TPVP)
GO TO 40

24 F = FEIC03 (TPVP)
GO Tb 4C

25 F = FE10C4 4 TPVP)
GO TO 4C

26 F = FFIC05 (TPVP)
G6 TG 4C

3C GOl TV (31q32q33,34v3'%,36),LA
31 F =FK1000(TP#VP)

CC TO 40
3? F= FKIOOI(TPjVP)

GO TO 40
33 F = FK1OO2(IP,VP)

GO TO 40
34 F= FKlCO'3(TPVP)

6U T12 40,
35 F = FKI04A (TP,VP)

G-C TC 40
16 F = FI(IC0'5 (TPVP)
4C RI-TUP~N

EjND
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39. FPlOOxs FElO0x, FK100x

See Section V paragraph 21v 22 and 23.

40. GETVAR

See Section V paragraph 24.

SIPFTC GTVARE
SUBROUTINE Gk7VAR (MF9NVtF ,VARJV#OVARC)

C COMMON CARDS LABELED /IKA2/ AND /IIA2BI GROUPS TO BE PLACED HERf
INTEGER DELTA, REGNC, UNCGS, UNMKS
REAL KMINt KMAXt KP, KM, KOM

C SEE TABLE FOR GTIkR SINGLY LABELED COMMON CAPDS TO BE PLACED HERE
DIMENSION C~l)
IF(MAT(JV+1).GE.1000) GO TO 1
CALL GTVRTB(MFNVFVARJVOVARMAJ(JV+1),C)
ReTURN

I NCOT=0
IF (NV.EQ*2) GO TO 40

30 OVARP-YL(JV41)
GO TO 50

',C OVARP=TEM(JV+1)
GO TO 60

50 CALL PEK (MFMAT(JV+1),VAROyA.RPJV,0,FNC)
CALL PEK (MFMAT(JV+TbgVAROVARPJV,2,FPC)
GO TO 70

60 CALL PEK (MFMwAT(JV+1),OVARPVARJV,0,FNC) *
CALL PEK IMFMAT(JV+1),OVARPPVARJV,1,FPC)

70 IF (ABS(I-P).GT.X4*ABS(FN)) GO TO 80
FP = (FP/ABS(FP))*X4*AES(FN)

80 CVAR=CVARP+(F-FN)/FP
C=ABS( (OVAR-OVARP)/O VAR)
IF (1.LE.X4.CR.ABS((I--FNl)/F).LE.X.) RETURN
NCOT=NC(JTi 1
IF (NCOT.LE.10) GO TO~ 85

81 WRITE (691010) JV, NCOT, OVAR, FFNVARMFP4V
I10 FORMAT( IHO,5H JV-12,3X,5HNCOT=I2,3X,5HOVAR=El4.6,3X,2HF=El4.6,

I 3X,3HFN=E14.6,3X,4HVAR=El4.6,3X,3HMF-I2,3X,3HNV=12)
IF (NCOT.LE.15) GO TO 85
IF (NCOT.GT.16) GO TO P3
OVARP - OVAR4OVARP)/2.
GO TO 90

83 IF (NCOT.LE.211) GO TO 85
CALL EXIT

85 OVARPzOVAR
90 IF (NV.EQ.2) GCO 60

GO TO 50
END
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41. GMVTB

GTVRTB is similar to the G]TVRTB of the Generator section of

HAROLD. The difference is that in the Executor portion, GTVRTB

keeps track of the macro box in which the solution was previots ly

found for each material and function, thus reducing the number of

function values calculated.

WIFTC GVRTBE
SUBROUTINE GTVRT8(MFNvF VARJVOVARMAC)

C COMMON CARD LABELED /IKA2/ GROUP TO BE PLACED HERE
COMMON /EOSCOM/ MEOSt IDEOS16)t fIOROER(6), TBEGT(396), DUM,
I IBEGV(396)v [BECC(3,6)

DIMf-NSION [VPL(6),IVEL(6) ,IVKL(6),ITPL(6),ITEL(6),ITKL(6)
It PVL(6), EVLf6)p FKVdLW6) ETL(6), PTL(61, FKTL(6)
OIMFNSION CM)
1)0 10 ITA8=1,6
IF1IDE0S1MA*1).EQ.I0RDER(ITAB)) GO TO 20

IC CONTINUE
PRINT 7000

7COC FOROAT(16HOILLEGA. FEOS NO.)
CALL EXIT

2C IF(NV.EQ.2) GO TO 1CC
IVS=IBEGV(MFITAB)
NVS=IBEGC(MF, ITAB)-TVS
IDEL=1
GOTO (1,293),fDF

I IV=IVPL(MA+.)
IF(IVPL(MAe-I),EQ.O) IV=IVS
IF(F*LToPVL(MAel)) GO TO 6
PVL(MA.1 )=F
GO TO 4

6 IOEL=-1
IV-JV+1
PVL(MA41 )F
GO TV, 4

2 JV=IVEL(MA91)
IF(IVEL(MA.1).EQ.O) IV=IVS
IF(F.LT.EVL(PA+1)) GO TO 7
EVL (MA*I )zF
GO TO 4

7 IDELz-1
Iv=Iv+1
EVI (PA*1 )=F
GO TO 4

3 IV-IVKL(MA+I)
IF(JVKL(PA41).EQ.O) IV=IVS
IF(F.LT*FKVLIMA+1)) GO TO 8
FKVL(MA.1 )=F
GO To 4



8 IDELs-I

FKV~MA+)aF

4 VL-C(V)
CALL PEKfNFqMAVARqVlJV90,F1,C)
DO 30 I-2,F4VS

25 IV=IV*IDEL
IFIIV.LT.IVS*NVS.AND*IV.GE.IVSI 60 TO 27
IFIIV*LT.IVS) GO TO 26

IVUaIV)

CALL PEK1MFtMAVARtVIJVOFlC)
GO TO 25

26 IVwIVS4NVS-I
V1=C( IV)
CALL PEK4NF#MAvVARvVl9JVt09FlvC)
GO TO 2S

27 V2=C1IV)
CALL PEKfMFNAvVARV2,JVOF2vC)
IF((1Fl.GE.F).AND.IF2.LE.F)).ORE(F1.LE.F).AND.EF2.GE.F))IGOT04O

VI-V2
30 CONTINUE

PRINT 1001
7001 FORMAT(38H0GTVRTS UNABLE TO SPAN FUNCTION VALUE*$

CALL EXIT
40 NCOTMO

GO TO 141,42941)vMF
41 Ir (IDEL.EQ.1) IVELfMA+l)wIV-l

IF (1DEL*EQ*-1)IVELCIMAe1)-IV
GO TO 44

42 IFIIOEL*EQ. 1) IVPL(MA*1)s!V-'
IFIOEL.EQ.-1) IVPL(MA+1)=IV
GO TO 44

43 IFIIOEL.EQ* 1) IVKL(MA+1)-IV-1
IF(IDELeEQ.-1) IVKLIMA*1)ulV

44 VLwV2 '

60 V3*Vl-(VI-V2)*EF1.bF)/IF1-F2)
IF IASIVL-V3)/V3).GToX4) GO TO 70
OVAR=V3I

70 NCOTnNCOT.1
IFINCOT*LE.15) GO TO 80
IF(MCOTeGI.20) CALL EXIT
PRINT 7002, VlV2,V39FIF2tF3 vMAvJVVAR

7002 FORMAT4Z3HOV1, V29 V39 Flo F2, F3/&E16o7 I2I12,E161
80 CALL PEK4MFvMAvVAR9V39JV90oF3#C)

VL=V3
IFIU3.GT.F) GO TO 90

85 FlmF:3
VI-V3
GO TO 60

90 F2=F3
V2=V3
GO TO 60



100 ITSaIBEGTIMFoITAB)
fTS:u16EGVU4F ,ITA6)-lTS
EDEL~
GO TO(loltlO2t1O

3)VPF
101l 1TaITPLfMA*1)

IFfWIPL(1MA*1)-EQ-O) IT"ITS
1FlF.LT-PTLlMA*D) GO TO 106

GO TO 10"
106 IDELs-1

PTL(MA4I 3mF
Go TO 104

102 ITIlTELtlMA+l3
1r(tTEL(MA*l).EQ-O3 IT=ITS
IFFLToETLtiA~tl) GO TO 107

ETL INA*l 3F
GO TO 104

107 !DEfL-1
ITUIT4
ETL MI~~ F
w 1 10 4

103 ITsITKLtPNA*1)
UfT~kMA1).EQ.0) IT-ITS
lF4FL.SKTAMA~l3) GO TO 108

FKIL4*A* )-F
60 70 104

101 OELM-1
ITuIl
FKTL(KA*1 ),f:

104 TIMC1T)
CALL PEK4PFMAqT19VARJJVvoVI9c)
00130 Iw2vN7S

125 ITa-l-6IDEL
lF(1T*LT.ITS*tTSAND.TGE1T) GO TO 127

IftIT*LY.ITS) GO TO 126
ITRZTS
iIMCI1)7
CALL PEKfMUP4ATlVARvJvOFl9C)
GO TO 125

126 IyaTSNTS1
T(IT)l
CALL PEKfMFMA,71tVAR9JVtOvFllc)
GO TO 125

127 T2.BC(IT)
CALL PEK(MPNAtT2vVA vJv 1F2) 1 )ADIZG.) GT

1



130 CONTINUE
PRINT 7001
CALL EXIT

140 tCOT=O
GO TO f141,142,I43bHMF

141 IF(!DEL.EQ. 1) ITPL(PA+1)=IT-1
iF(IDEL.EQ.-I) ITPL(P.A+I)zIT
GO TO 144

142 IF(IDEL.EQ. 1) ITEL(MA+ll=IT-1

GO TO 144
143 IF(!DEL.EQ. 1) ITKL(MA*I)=1T-1

IF(IDEL.EQ.-I) ITKL(MA+1)aIT
144 TLmT2

IF (ABSI(TL-T3)/T3).GToX4) GO TO 170
OVARuT3
RETURN

170 NCOT-NCOT+l
!F(NCOT.LE.15) GO TO 180
[FINCOT*GT.2O) CALL EXIT
PRINT 7003, TlwT2*T3vFlvF2vF3vMAvJvVAR

7003 FORMATC23HOTL, T2, T39 F19, F2, F3/6EI6.7 /1129E16.7)
180 CALL PEK(PIFMArT3vVAR#JV,0vF3,C)

Ti =T 3
IFIF3.GT.F) GO TO 190

185 F1-F3
Tl-T3
GO TO 160

190 T2-T3
F2-F3
GO TO 160
END
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zo DO TO )o STA GMTB
FOP, ITA5 1, G

zoi V: PZA ? LOWS MA-0-1

10

IV5%tf5F-GV(MFITAB) M191 ERRO

NV6=(15E,6C,(MFITAB)-lVq Loo Me5SA6f-

3

IV-1VKL(MA IV= IVPL(MA I

I TY= IVEL (MA 4 1) IVPL(IAA4- IV-JV6

IVKL(MA- :0
*0 VEL MA+' 1\6

:0

F: >

FkVL(AAA+O EVL FVL(MA+l + 1)

fKVq/MA+l > (MA41) 6 4
=F

IYZIV+l

IDELz -1 IDEL : -1 PVL(MA41) F

TV= lv+l IV . lv+l
FKVL\'MA+I) xF F-'V4tAA + 1) F

F 10/0
Rom ptvl

Do To 30 1- Z, N VS

\1 + I ID E. L

+ I IDEL

No

Z7

V 
V 

S 
+ 

W 
V.5

YES Fz(vz)

(IV i Ivs) 
FOOM PEK

<IV 

I V.5)
2 G NO

IVr IVS 5 +NVS- I I (Fj F)] 0
r(jVj [F I S F 4t F Z Z F)]

vi = COO
Wo

> 
IrF I (v 1) ri - Fz.

(FQO P K Iv=Iv vl= VZ
V, - cliv) 

1 '30
LOO P

F1 (y 1)
FROM PEV.,

[PRINT M666.
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GTVRTB - 3

100
I TS 15EGT (M F:. I T A 5)
NTS=lBE6V (IAF, IT45)-IT-5
0 P- L I

oe hAF ol 4
1T- ITKL(MA4 IT c ITF L

IT-ITEL(MA4.)
llKL(MAA) IT-xITS TL IT ITS

0
(M 

e L (10*1 
IT-ITS

>
FKTL(M#,,.l FKTL (#AAi-i Q PT L OA

06108 
t P ;

IPSL = -I TL (MA+l ETL(MA+%)-F TOEL's - I
V 'a IT+ 1 VT Is 174.1
FKTL(MA+I),cF- I. PTL NA 4 1)

I T + I 'T1 = CO.

ETL(MA-1)-F
71

PEK

'DO To 130 la Z) NTS

IT- IT+1061-1

12.1
m (I T s + V44 YK C lillj

11T z ITS
No Ft (TZ)

IT x ITS +MTS -I IT FROM ftK

C. (I-r) ITS 'T' IT +
0 ys,6> 140

Tj_

Fl (TI) IT ITS (F F) F y 16
mom PF T1 -C(TT) NO.:Izn

_TZ
--'TZ

I ISO
Loo

OATPR WT MF-5e:B4:6
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42. IKAERR

IKAERR is called by ALIBI when a necessary subroutine is found

missing. It prints the message "ALIBI HAS BEEN REACHED.*

$I1FTC IKAERR REF
SUBPO.TINF IKAERR

PRINT 7COO
7CCO FURMAT (24HOALIBI HAS BEEN REACHED.

CALL EXIT
END

43. ALIBI

ALIBI contains entry point to all routines which may be omitted.

It should be loaded last.

$IPFTC ALIBI RFF
SUBROUTINE ALIBI
CALL IKAFRR
RE-TURN
FND

SIBSFC FPUI;O0
FUNCTIUN FP!CC0(T,V)
CALL IKAFRR
R.TUWN
ENO

$IPFTC FPV'O1
FUNCTION FPLCCI(TV)
CALL IKAL-RR
RETURN
ENO

$IFFIC FPIf.02
FUNCTION FPIC(;,(TV)
CALL IKAFPP
RFIURN
END

SIF[C FPI(.C3
FUNCTION FPIC03(TV)
CALL IKA-RR
RETUIPN
FND

$11iFIC FPI1 04
FUNCTION FPICC4(TtV)
CALL IKAFRR
RF TUPN
END

$IHFTC FPIO05
FUNCTION FPICC .(TV)
CALL IKAERR
Rt-TURN
END

$IPFTC FEI(;CC
FUNCTION Ft ICC(TV)
CALL IKAERR
RETURN
FND
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SIBFTC FEIOCI
FUNCTION FEIOOI(TV)
CALL IKAERR
RETURN
END

SIBFTC FE1002
FUNCTION FEIOO2(TV)
CALL IKAERR
RETURN
END

$IBFTC FE1003
FUNCTION FE1003(TV)
CALL IKAERR
RETURN
END

SIBFIC FE1OC4
FUNCTION FE1004(TtV)
CALL IKAERR
RETURN
END

$IFTC FE1005
FUNCTION FEICO5(TV
CALL IKAERR
RETURN
END

$IPFTC FKIOOC
FUNCTION FKICCO(TtV)
CALL IKAERR
RFTURN

END
SI8FTC FKiG01

FUNCTION FK1C01(TVI
CALL IKAERR
RFTURN
END

SIBFTC FK1002
FUNCTION FK1002(TtV)

CALL IKAERR
RETURN
END

$IeFTC FK1003
FUNCTION FKEOC3(TV)
CALL IKAERR
RETURN
END

$IBFTC FK1OO4
FUNCTION FKiOO'(TtV)
CALL IKAERR
RETURN
END

lI
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SIBFIC FKIO05
FUNCTION FKICC5(T,V)
CALL IKAFRR
RETURN
END

$IIWTC DRCA
SUBROUTINE ROA(C)
CALL IKAERR
RETURN
END

SIFFTC OPET
SUBROUTINE PET
CALL IKAFRR
RETURN
END

$IBFTC DTSR
SUBROUTINE TSR(C)
CALL IKAERR
RETURN
END

SIBFIC PROAXP
SUBROUTINE ROAEXP4C)
CALL IKAERR
RETURN
fND

SIBFTC DTSRXP
SUBROUTINE TSREXP(C)
CALL IKAERR
RETURN
END

$IBFTC ICCCR
SUBROUTINE CORC)
CALL IKAERR
RETURN
END

$IBFTC DROAMP
SUBROUTINE ROAIMP(C)
CALL IKAERR
RETURN
END

sIBFIC DROB
SUBROUTINE ROB(C)
CALL IKAERR
RFYURN
END

$IBFTC CROC
SUBROUTINE ROCC)
CALL IKAERR
RETURN
END

$IPF7C CRDI
SUBROUTINE ROI(C)

-
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CALL IKAEPR
RETURN
END

SJBFTC DROD
SU8ROUTINF ROD(C)
CALL IKAERR
RETURN
END

SJBFIC DOE
SUBROUTINE ROE(C)
CALL IKAERR
RETURN
END

SIBFTC DTSRMP
SUBROUTINE TSRIMP(C)
CALL IKAEPR
RFTURN
END

SIEFIC DOND
SUBROUTINE REGUND(TMRHC)
CALL IKAERR

RETURN
END

SUBROUTINE PROUND (rMtPRJMP2)
PRJMP2 = 0.
RETURN
END

SIPFTC DZNSRF
FUNCTION ZNSRFN(JSFN)
ZNSRFNOC.
RETURN
END

SIBUIC DRGSRF I
FUNCTION RGSRFN(NRSFN)
RGSRFN=O.
RETURN

END
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VII. TABCOE PROGRAM DESCRIPTION

PURPOSE

TABCOE is a code which generates interpolation coefficients

from tabular equations of state. The input is an equation of state

on a binary tape or on cards; the output is a binary tape containing

the original equation of state data plus the calculated interpolation

coefficients. This is a special ntrpose routine for use in conjunc-

tion with HAROLD.

Input units for generating the TABCOE values are as follows for

Tables I and 2:

T's: Kev

pis: g/cc

P's: 1016 ergs/cc

E's: 1016 ergs/gm

In Table 3, l/T is input instead of T, p in g/cc, K in cm 2/gm.

Output units are as follows:

T in 104 oK in Tables I and 2; l/T(IO4 oK) in Table 3

p in g/cc

P in 10 ergs/cc

E in 10 ergs/gm

k in MMEGMS units CM2 (10 4 K) 4(msec) 3/(megagrams) ]

In HAROLD it is necessary to calculate F(T,V), ( ) d(V)
an

These are accomplished by using the interpolation coefficients as

follows:

F(T,V) = a + b/v + ct + d/v 2 + et 2 + ft/v + gt/v 2 + ht 2/v i ot 2/v,

(95 = c + 2et + f/v + g/v 2 + 2ht/v + 2ot/v2

and

F2 2
() = b + 2d/v t + 2gt/v + ht2 + 2.ot /v.

I
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The input table looks like:

T f ff f f5 "'" f
1 ll 12 fl, 3  1 15 16-n

T2 f21 f2,2 f 23 f I2.1 1 f2,5 1 f2,6 f _2,n

33f_ f f f f ,5If f
3_ L24_,6 " 3

T f f f 3.... ... ..
44.1 4.2 43

T 5 f5,1 f 5 2 f5 3 I .... .... .... ... . .

T f f f .... ...

6 6.1I 6.2 6.

27 7 2 ..... ... ....

T f : 3 . . . ... f

m .. f.. fIf 'ml ~m,2 m3 .... .... ... I f

____I__ 02 J)3 4 °5 06 "" On

where m and n must be odd. This table is divided int- "macro-boxes,"

as indicated by the dotted lines. A set of nine interpolation co-

efficients is determined by the nine function values in each macro-

box. The macro-boxes containing the T,p pairs and their associated

coefficients overlap on all contiguous edges. If m= the number of

temperatures and n= the number of densities, the total number of

macro boxes will be (m-l) x (n-l)/4.

F'
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METHOD

The matrix equation

1 0 T,012 T12 T 0 I2 TIT2 PiT12Pi2 a-( 11 01 Ti P2 T1  T102 1 T 1 T1 2p T 1 2a
2  f(T1 3P2),

22 2 2

P3  T1  22 T 2Ol p2 1 22pl T32 b3 d f(TP3Pl)3
22 2 2 2221~~~~~ ~ ~ pT2p 1 P l2T2T22P3  T 22P 1  dIf03 2P

1  2  22 T p 2T T2 T 2 2  e f(T2'P2)
2P2 T2 2  P1 2 2 2 20 22 2 1 2'l

1 P3 T2  032 T2  T2 03  P32 T 2  T2 2P3 T2 2 32 f f(T2,03)
p 3  2 (22 2 2 2 2

1 p1  T3  p, 2 T3
2  T3 P1  p1

2T3  T3
2pl T3 Pl  g I f(T3 0 1)

2 2 2 2 2 21 P2  T3  P2 T3  T3 2  P22 T3  T32p 2  T3 p 2  ! h f(T 3 , 0 2 )
P3  T3  22 T 2T T32 22 KT3'3

P3 30 P3 P3 3  3  3 3 3 f"'3 I

is solved for a, b, c, d, e, f, g, h, and o.

INPUT DATA

Card 1: KDIRCT, KINTPE, KOPT, KOUTPE , KPRINT

FORMAT: (516).

KDIRCT: 1 if output is to go on a previously used binary tape.

2 if a new binary tape is to be used.

KINTPE: Logical tape designation of binary input tabe (must be

positive even if cards are used).

KOPT: I if input is on tape. 2 if input is on cards.

KOUTPE: Logical tape designation of binary output tape.

KPRINT: 1 if results are not to be printed. 2 if results are to be

printed.

Card 2: IDIN, IDOUT.

FORMAT: (516).

IDIN: ID number of an input equation of state.

IDOUT: ID number to be associated with it on the output equation

of state.

L -1
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If the equation of state is to be input via cards, the equation

of state with ID number IDNO comes nextfollowed by another card 2

and at.other equation of state, etc.

The equation of state cards are of the form:

IDNOS NTAB, NTEMPI, NRHOl

TEMPII, TEMPI2 , ..... TEMP 1NTEMP

RHO 1 2  ..... lHOI NRHO1

PI,1' P2V1. ..... P NT" P1,l
P1 ,2' 22' ...... NTEMPI,NRHOl

PI ,NRHOI' P2,NRHO' ..... PNTEMIPI,NRHOI
IDNO, NTAB, NTEMP2, NRH02

TEMP2, TEMP22,. ...... , TEMP2NTEMP2
RH021, RH022 , .... , RHO2NRHO2

E E ....... l
l '2,1. ENTEMP2,I

E1,2' E 22 ...... E NTEMP2 2

F1,NRH02' E2,NRHO2. ...... ' ENTEMP2,NRH02

and similarly for K, where IDNO is the equation of state ID and NTAB

is 3 for K. The format for the first card of each section is (13,

Il, 212) and for all the others (5E14.7).

If the equations of state are on a binary tape, there,'should be

two records for each equation of state equation.

1. IDENT, NTAB, NTEMPI, NRHOI

2. TEMPI,, TEMPI2, ... TEMPINTEMPI, RHOl, RHOI2 .,

RHOI NR I01 PI,I' P 2,1 2 .... P NTE MPI,I' P 1,2 ) P 2 2 2

PNTEMP1,2' "' PINRHOI' P2,NRHOI' ...' PNTEP1, NRHOI

for pressure and similar terms for energy and opacity.
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O2T1~

The term of the output tape is:

Record 1: IDOUT, NTAB, NTENP, NRHO

Record 2: T i =1, NTEMP, Ri i 1, NRHO

Record 3: f1,1 f 2,1' "~ NTEMP,l

f1,NRHO' f 2,NHO' ... I ~NTENPP NRHO

Record 4: a11 ,l bl 1 , ... 30 '

a 2 S, b 21 i ... 1 0 2,1

a NT~l 3,... 0 NTl

a1 2 , b 12 ) ... 11,2

a 2 , b~ 2, ... ' 0 2

a ,b .. 0

al,NR, b,NR' .. , lNR

a 2 , b 2,NR'$ ... 0 1N

where NT (NTEMP-1)12 and NR (NRHO-1)/2.
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VIII. NOTES FOR FORTRAN VERSION

For greater flexibility in HAROLD, some of the subroutines are

written in the MAP language. Since MAP is a coding language avail-

able only under IBSYS,we have rewritten these routines in FORTRAN

for our less fortunate brethren.

We will explain the functions of the MAP routines, note the

corresponding loss of flexibility, if any, in FORTRAN, and, in the

case of those routines which are untranslatable into FORTRAN, attempt

to indicate what the user's new responsibilities will be.

SUBROUTINES COMSIZ

The first routine to be affected will be COMSIZ. This routine

must appear first in both the Generator and Executor portions of

HAROLD. Its function, in essence, is to set up a labeled common

with dimensions for all the zone variables used in the problem. The

advantage of coding in MAP is that by changing one card the entire

problem may be redimensioned.

For example: a COMMON statement in FORTRAN

COMMON/RC/ R(202)

may be translated into MAP as:

SIZE EQU 202

RC CONTRL R, R+SIZE

R BSS SIZE

To change the dimensions of R you must change the number in brackets

in the FORTRAN statement and change the value of SIZE in MAP. In

the case of one variable it hardly matters whether you use FORTRAN

or MAP. However, if you have many variables with the same dimension,

you must cnange every bracket in the FORTRAN COMON statement but

still need only to change the value of SIZE in MAP.

The COMSIZ routine in the Executor portion of HAROLD has three

variables whicb may be adjusted viz., SIZE, SIZEE, and SIZEI for

hydrodynamics, explicit and implicit radiation respectively. SIZE

delimits the dimensions E the variables used for all problems. If
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you are running a hydro only problem and need more storage space for

tables, SIZEE and SIZEI may be set to zero. The hierarchy of variables

is such that: SIZE is adjustable but never zero,

SIZEE is zero if and only if hydro only,

SIZEI is zero if and only if (hydro only or explicit only).

At the most only three cards must be changed in order to redimension

the problem. In FORTRAN every dimension must be altered.

In addition to setting up COMMON statements the MAP version of

COMSIZ in the Executor had a table which contained the conversion

factors for the various output units that were permissible in MAP.

This section of COMSIZ is omitted in the FORTRAN version because the

user must write his own output format and arrange the conversion of

the variables he wants output to the appropriate units.

Finally, in both versions of COMSIZ the statements COMMON/CTABLE/

C(5000) (where 5000 is some appropriate number) gives you the dimensions

of the tabular equations of state. Previously the subroutines GMAIN

and EMAIN calculated the total amount of unused core after the problem

had been loaded and supplied this number as the maximum dimensions of

the tabular equations of state. The FORTRAN user will have to determine

this number for himself and then supply it to the common statement.

(Note: If the above remarks have not already made it clear, the

COMSIZ for the Generator is not the same as the COMSIZ for the Executor.)

SUBROUTINE HOLWD

In essence, HOLWD is a COMMON. It is never executed. It con-

tains the BCD images of all data card titles and variable labels. Be-

cause we have this Hollerith information stored in BCD form, we are

able to test for the Hollerith value of any data card title of variable

label, in the same way we would test the relative values of any two

pieces of BCD information.

The Generate portion of HAROLD contains many subroutines which

are devoted exclusively to the reading and interpretation of Generate

data cards. For example:

STREAD - the start card
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CYCRED - the history edit, print out and energy edit cards

TMREAD - the time step card

UNTRED - the units card (not in FORTRAN version)

GEOM - the geometry card

RMREAD - the RMIN card

EOSNRD - the EOS card

REGNRD - the region and zone cards

SOURCE - the source cards

BOUND - the boundary minimum and/or maximum cards

COMB - the combination card

TMPRED - the temperature card

PERC - the percents card

All that the above subroutines do is interpret the particular card

they represent. If, for instance, RMIN=O, you do not need an RMIN

card and consequently you never go to the subroutine RMREAD.

It is because of HOLWD--Hollerith word--that the I/0 scheme

for HAROLD is so extremely flexible. Each data card is read in at

a gulp in format 12A6 (MAP version). All data card titles appear

as Hollerith words in columns 1-6. To decide which card we are

reading is a simple matter of elimination due to HOLWD. We start

with the BCD image of the first possible data card and by making the

test

IF (CARD(I).EQ.STARTB) GO TO STREAD

we literally subtract the BCD image of START as contained in HOLWD

from the BCD image on CARD(l). If the value is zero, we know we

are reading the START card; if not, we follow with another test

IF (CARD(l) EQ.HISTOR) GO TO CYCRED, etc.

If some card that must be present is not, we get a message

telling us so. Otherwise the programmer need put in only those

cards which apply to his particular problem. For instance, a plane

geometry problem, with RMINO, no tabular equations of state, no

source functions and no boundary conditions needs only the following

cards:

I-
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MAP Version FORTRAN Version

START START

HISTORY EDIT HISTOR

PRINT OUT PRINT

ENERGY EDIT ENERGY

TIME STEP TIME S

REGION REGION
(ZONE if appropriate)

COMBINATION COMBIN

ZTEMPERATURE ZTEMPE

PERCENTS PERCEN

ENDATA ENDATA

There is also extreme flexibility in the numbers and kinds of

variables which are included on a particular data card. All variable

names appear in cols. 13-15, 28-30, 43-45, 58-60. The values associ-

ated with a given variable occupy the 12 columns immediately follow-

ing it. For example, if T= appeared in cols. 13-15 the value of

Temp will be in cols. 16-27.

The method of establishing the identity of the variable is

identical to the method used in identifying the title of a particular

card. Its logic is slightly more sophisticated in that there are

four possible locations for variable labels on a particular data

card, whereas all card titles appear in cols. 1-6. The subroutine

responsible for reading a particular card reaches in and picks out

of the entire card image the contents of cols. 13-15. It then tests

the information found there against the BCD image of every possible

variable label that can appear on the card. When a match is found,

the subroutine plucks the value of the variable from cols. 16-27

and stores it in the correct place. It then moves over to the next

field, ie., cols. 28-30, and repeats the testing process.

Without HOLWD there would have to be a fixed set of data cards,

all containing specific and inflexible information. The Generate

section of HAROLD would contain 13 fewer subroutines, and the user

of HAROLD simply wouldn't bother.
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The Generate section becomes much less formidable when

the user realizes that much of it is just searching card labels and

columns to identify input information. HOLWD contains the BCD images

of all Hollerith information which can appear in the Generate data.

The MAP version of HOLWD looks like this:

RION CONTROL REGION, REGION+I

REGION BCI 1, REGION

PNTB CONTROL PRINT, PRINTB+l

PRINTB BCI 1, PRINT

TQ CONTROL TEQ, TEQ+I

TEQ BCI 1, T=

The FORTRAN version of HOLWD accomplishes the same job in the

following way:

Subroutine HOLWD

COMMON/PNTB/PRINTB

DATA/PRINTB/6HPRINT / -

COMMON/RION/REGION

DATA REGION/6HREGION/

COMMON/TQ/TEQ

DATA TEQ/6HT= /

SUBROUTINE GMAIN (The same discussion will apply to SUB EMAIN)

GMAIN is the entry point into the Generator. It calls GENRAT

with the arguments C and LIMIT. C is the address of the first cell

in unused core after loading. LIMIT is a number calculated by sub-

tracting C from the last address in unused core. When tabular equa-

tions of state were used the size of the tables were compared to

LIMIT, the maximum possible storage space. If they were found to be

too big some adjustment in dimensioning could be made in COMSIZ. In

any case, you always had the maximum storage space for tables under

the conditions of the problem.

This flexibility is not available to non-IBSYS users and GMAIN

now dimensions the tables with a constant by means of the statements

DIMENSION C(2000) (where 2000 may be determined by the user) and

LIMIT=2000. It then calls HOLWD which sets up Hollerith commons,

and, finally, calls GENRAT (C,LIMIT).
It
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SUBROUTINE GETLAB (Io J, A) (MAP Version)

All data cards are read into the machine by means of the follow-

ing statement:

DIMENSION CARD (12)

READ 1, CARD

i FORMAT (IA6)

As a result of calling HOLWD in GMAIN all Hollerith literals are in

common. Each data card is read as 12 Hollerith words. CARD(l) repre-

sents the first field of 6 letters. This field will either be blank

or contain the title of the data card, e.g., REGION. CARD(2) repre-

sents the second fiel.d of 6 and is significant only on certain cards.

,or example, on the REGION card CARD(2) contains the material number

of the equation of state used in that region. CARD(3) represents

columns 13-18. CARD(4) represents columns 19-24, and so on up to

CARD(12), columns 67-72.

Now all variable names (labels) occupy the following, and only

the following, columns on the data cards.

Cols. 13-15, 28-30, 43-45, 58-60.

The function of GETLAB is to determine which variable we are reading

and then CONVRT assigns its associated value to the variable just

identified by GETLAB.

To read cols. 13-15 we are concerned with CARL,3) format (A3)
28-30 CARD(5) (3X,A3)
43-45 CARD(8) (A3)
58-60 CARD(10) (3X,A3).

To illustrate: CARD(5) represents cols. 25-30. We are interested

only in cols. 28-30, i.e., (3XA3). CARD(8) represents col. 43-48,

we need 43-45 or convert CARD(8) to (A3). Once again you are referred

to REGNRD to appreciate the logic involved here.

GETLAB is called with the arguments I, J, A. I and J must be

one of the following pairs:

I J

13 15

28 30

43 45

58 60
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A is determined in GETLAB and returned as WLAB which is then tested for

all possible variables that might appear on the card. Once the iden-

tity of the variable has been established its value is determined by

CONVRT.

SUBROUTINE CONVRT (I.JA) (MAP Version)

I is the value of FIELDN in the routine which calls CONVRT.

FIELDN is a flag which corresponds to the appropriate field on the

card you are reading and has the values 1, 2, 3, or 4.

FIELDN=l corresponds to cols. 16-27 corresponds to I=i
2 31-42 2
3 46-57 3
4 61-72 4

J has the value 1 or 2 depending whether you want a fixed or floating

point conversion. A, which was established in GETLAB, is the name of

the variable whose value is to be returned by CONVRT. For example,

suppose we are reading a REGION card and we find that the variable in

cols. 28-30 is "J=". We know the value of J is a fixed point number

lying in cols. 31-42, so CALL CONVRT (2,1,JREG(REGNO)). If the variable

in Cols. 58-61 were "RH=" we know that the value of rho is floating

point and lies in cols. 61-72 and we would CALL CONVRT(4,2,RHVAL).

EMAIN

Same comments apply as made for GMAIN.

ESTAB AND FORMS

Set up output units and formats in the MAP version which were

requested by the user via the output description data deck at the end

of EXEC data package. Forms is not translatable into FORTRAN and the

user will now be responsible for his own output units and formats

which he will specify in the following subroutine.

SUBROUTINE PROUT (C)

This subroutine contains the COMMONS for all the necessary out-

put variables. The user must prepare his own output here. Attached

is a sample PROUT to reproduce the output of Example 1.

r
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SIBFTC PROUT REF
SUBROUTINE PROUTIC)
COMMON /IKA2/ ERS(691O), ES46*10), TMRS46,10)v TMSI6,l01, RS(1O),

I JSl10), NRSf1O), NZS(10), RRG41519 JREMS19) C141S)t C2(15)9
2 C3(15)t C4(1S), C5115)9 EO(15)9 EMIN4619 EMAX(6), KMIN16),
3 KMAX46), PMIN(61, PMAXf6), TMIN(6), TMAX(61, UMIN46), UMAX(6)t
4TEMIN(6)t TEMAX16), TKMIN46), TKMAX(61, TPMIN(6), TPNAX(6)t NKMAXv
5 TTMIN16), TTMAX(6), TUNtN16)9 TUMAX16)9 NEMIN, NEMAX, NKMIN,
6 NPHIN, NPMAX, NTMIN, NTMAX, NtJMIN, NUMAXt NRSRCE, NZSRCE,
7 J0, 305, JOM9 ORC t 1 2 JL9 Xl, X29 X39 X4, X5, X6, NSNF,
8 UNCGS, UNMKS, TM, DT, DTP* JSTARv JIHATt JMAX, DELTA, REGNO, 31,
9 NREG, NEOS, RMIN, RMAX, IRAD
COMMON /MATC/ MAThl)
COMMON /RC/ Rhl)
COMMON /UCI Uhi)
COMMON /TEMC/ TEMM1
COMMON /VLC/ VL41)
COMMON /PRCI PR~l)
COMMON /EGC/ EGMI
COMMON /QC/ QMI
COMMON /DMASSC/ DMASSMl
DIMENSION Cl)
DIMENSION RH(202)
JMAX2 a JMAX+2
DO 500 Jnl,JMAX2
RHCJ) a I./VLIJ)

S00 TEMMJ a *139*EGIJ)
WRITE16,101)

101 FORMAT (3H40 J,6X,6HRADIUS,9X,8HVELOCITY,8XTHDENSITY,9X,4HTEMP,
I IOX,6HINTENG,8XSHPRESSURE,8X,6HARTVISIOX,4HMASS)
Kn0
WRITE (6,102) KRhl),Uhl),RHI1),TEMII),EG(1),PR(l),Qhl),DMASSI 1)
1-1
J=2

20 WRITE (6,103) MAT(J)
103 FORMAT (13HOMATERIAL 14)
1.0 K=J-I

WRITE (69102) KRIJ),UhJ)eRHIJ),TEMIJ),EGIJ),PRIJ) ,Q(J),DMASSIJ)
102 FORMAT (13,IPE15.5,1P7E15.3)

JSJ+t

IF (J.GT.JHAT+3) GO TO 30
IF hJ.LE.JREGII)41) GO TO 10
1-1+1
IF (I.LE.NREG) GO TO 20

30 WRITE (6,104)
C

104 FORMAT (6140 Nv10X94HTIME 912X,2IIDT ,I1Xv6HLAMBDA,5Xv414J1AM 96X9
C

I 5HOMEGA ,4X,6HJOMEGA,6XSHGAMMA,4X,4HJGAM 93Xt214J092Xt5HJSTAR92X9
C

2 4HJHAT v3X92HIC)
C

RET URN
END
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SUBROUTINE ALIBI (for the MAP version)

ALIBI is a routine which contains a dummy entry point for every

subroutine in HAROLD. This routine enables the problem user to in-

clude only those subroutine's which he needs in his particular problem.

There are two important advantages in having ALIBI:

1. Not having to LOAD all subroutines saves space.

2. Not having to LOAD all subroutines saves time.

At loading time the machine checks through its reference dictionary

and confirms that every call statement has something to call regard-

less of the fact that the call statement may never be executed. WHEN,

for example, in EKEC the machine finds a CALL ROAIMP statement but

there is no ROAIMP deck included, the LOADER will refuse to LOAD the

problem. If you were doing hydrodynamics only, you would use sub-

routine ROA and not ROAIMP. ALIBI will provide a dummy entry point

for ROAIMP and you would not have to include the deck. For this reason

ALIBI must be loaded LAST. If, on the other handin this hydro only

problemyou forgot to include the deck ROA, when ROA was called you

would go to its dummy entry point in ALIBI, which would send you in

then to IKAERR, which prints the message "ALIBI HAS BEEN REACHED."

You would then have to figure out which deck you left out.

ALIBI does have a couple of smarts. For instance there are some

subroutines which are always called but do not necessarily need to be

present. ZONSR or REGSR are examples. These routines provide the

ZONE/REGION source/sink terms and are called by CDR, ROA and other

subroutines. If there are no sources or sinks in the problem,

the dummy subroutines in ALIBI set the values to zero and do not go

to IKAERR. In FORTRAN dummy entry points can only be created by

dummy subroutines. In MAP a dummy entry point can be created by means

of the EXTERN statement unavailable to FORTRAN users. The function

of ALIBI is now assumed by a set of dummy subroutines which follow

$IBLDR ALIBI. ALIBI itself exists only as an index separating the

real subroutines from the dummys.

- -~--r------
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SUBROUTINE CLNUP(I.ISSW5) TO SUBROUTINE CLNUP(IJ)

When a job is submitted with a time estimate, the machine is set

to kick it off at the end of the requested time. This can often be

in the middle of a calculation, the results of which could be lost.

The MAP VERSION of CLNUP would check the interval timer for overflow

at the end of each cycle. If, in fact, it had overflowed, CLNUP would

reset it to allow one more minute and then take a history edit, print

out and CALL EXIT.

This routine is a function of our system here at RAND--other

installations may have a similar system subroutine, in which case the

user may modify HAROLD to use it. In other instances no such facility

exists, with the consequence that no extra time may be alloted. The

user with this handicap must exercise caution to provide histories as

frequently as necessary or terminate his job on NF.

SUBROUTINE BCDCON(A) (MAP Version)

Up to now we have discussed some of the annoying details with

which the FORTRAN user must burden himself. The difficulties which

the loss of BCDCON will present make the rest of them vanish like

booze in a dry country.

This subroutine is the most crucial link in the chain of I/0

flexibility. Because of BCDCON we may read in all the Generate data

cards with format 12A6 and then go back and pick up bits and pieces

of information from this card and translate it into fixed, or floating

point numbers or Hollerith characters, as we choose. BCDCON is the

guts of GETLAB and CONVRT. It is also called by other Generate sub-

routines.

Unfortunately, BCDCON is a RAND modification of RWD, the IBM

conversion routine which is included in the IBSYS package. What

BODCON does is the following:

1. Sets up an internal file, represented by TAPE 99.

2. Writes its argument on this buffer and returns you to its

calling subroutine.

3. The calling subroutine then reads the argument from this

buffer according to any format desired.
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For example, GETLAB calls BCDCON with four different arguments viz.,
CAD(3), CARD(5), CARD(8) and CARD(10) representing the image on the

input cards from Cols. 13-18, 25-30, 43-58, 55-60, respectively.

GETLAB is concerned only with the Hollerith labels in Cols. 13-15,

28-30, 43-45, and 58-60, respectively. So, if we are trying to ascer-

tain the contents of Cols. 28-3% we would call BCDCON (CARD(5)) which

would dump the image in Cols. 25-30 onto TAPE 99. We then return to

GETLAB which reads 99 according to the format (3XA3). COVRT works

the same way but is concerned with different columns and fixed or

floating point numbers. BCDCON has four restrictions.

1. No I/0 statements may appear between the initializing CALL

BCDCON(X) and the READ 99 statement which follows the call.

2. Only one logical record may be read or written.

3. The argument of the initializing call may not appear in the

list of the READ statement (e.g., if we call BCDCON(A) we

may not READ(99,A).

4. Only one READ 99 may follow a BCDCON call.

If the users cannot come up witb a routine which performs this

function,the dire consequences are as follows:

i. The Generate data cards must be read in the following

format (A6, F6.0, 4(A3,E12.6)). All fixed point numbers,

such as J on the region card, are truncated from E12.6

to a fixed point format.

2. All routines which used BCDCON, GETLAB and CONVRT must be

modified to accommodate the next fixed format and these

three subroutines will be omitted.

In effect this means modification of all subroutines which are called

as a consequence of testing a card label. Viz., STREAD, CYCRED,

TMREAD, RMREAD, GEOM, EOSNRD, REGNRD2 BOUND, SOURCE. TMPRED, PERC,

COMB. We have done this for you by creating an all-FORTRAN monster

but have added the above notes for your enlightenment in hopes

that perhaps your particular system already has, with only minor

modification, the facility to accomplish these tasks.
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SUMMARY

In the FORTRAN version of HAROLD:

(1) The subroutines GETLAB, CONVRT, BCDCON are eliminated.

Their functions are assumed by the subroutines themselves. For

example, in the MAP version, we would read the whnle data card in

format (12A6). If we wished to identify the variables in cols. 31-42,

first, we would use BCDCON and GETLAB to identify the label in cols.

28-30. In format (12A6) cols. 28-30 are the last half of Card(5).

The Hollerith information we desire is converted via GETLAB (28,30,A)

and BCDCON into format (3X,A3) and tested against the labels sub-

routine HOLWD has stored for us until identification occurs. Second,

CONVRT (31,42,A) and BCDCON take the value of the now determined

variable which is located in cols. 31-42 and stores it in the

appropriate place. In the FORTRAN version we have changed

Read 1, (Card(I), I=1,12) or Read I, Card(12)

1 Format (12A6)

to

Read i, (Card(I), I=1,10)

1 Format (A6,F6.0),4(A3,E12.6)

Card(l) is the same in both versions

Card(2) is a floating point number in FORTRAN

Card(3) represents the variable label in cols.13-15 in FORTRAN

Card(4) represents the variable value in cols.16-27 in FORTRAN

Card(5) represents the variable label in cols.28-30

Card(6) represents the variable value in cols.31-42

Card(7) represents the variable label in cols.43-45

Card(8) represents the variable value in cols.46-57

Card(9) represents the variable label in cols.58-60

Card(10) represents the variable value in cols.61-72

FIELDN has the same function in FORTRAN as in MAP. I.e.,

FIELDN - 1 WLAB = Card(3)

FIELDN = 2 WLAB = Card(5)

FIELDN = 3 WLAB = Card(7)

FIELDN = 4 WLAB = Card(9)
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WLAB is tested just as in MAP to identify the variable. Once this is

accomplished you test for the value of FIELDN and assign the contents

of the appropriate columns to be stored as the value of the variable.

To illustrate:

Suppose you are reading the region card and you are interested

in the identity and associated value of the variable in cols. 28-30,

the value of FIELDN at this point will be 2. And the MAP version

instructions will be the following:

CALL GETLAB (28,30 WIAB).

(GETLAB will call BCDCON which will take Card(5) and convert it

via format (3X,A3) to the Hollerith label on cols. 28-30.) WLAB will

be tested against all possible variable labels which can appear on

a region card until & match is found. Let's say that the label turned

out to be "J=" we would then call CONVRT (FIELDN, 1, JREG(REGNO)).

Since FIELDN=2 and the second argument is 1, CONVRT would take the

contents of CARD(I),I=,12, extract the value contained in cols.31-

42 and have BCDCON convert it to a fixed point number which is re-

turned to REGNRD as JREG(REGNO). The FORMAT statement which accomplishes

this is FORMAT(30X,112).

The FORTRAN instructions would be the following:

Since FIELDN=2, WYAB=Card(5), it is no longer necessary to go to

GETLAB and BCDCON as the format of Card(5) is (A3) as expected. WLAB

is tested just as in the MAP version and when a match is found, instead

of call CONVRT (I,JA), we have the four statements:

If (FIELDN.EQ.1) JREG(REGNO) = Card(4)

If (FIELDN.EQ.2) JREG(REGNO) = Card(6)

If (FIELDN.EQ.3) JREG(REGNO) = Card(8)

If (FIELDN.EQ.4) JREG(REGNO) = Card(lO)

In our example JREG(REGNO) = Card(6) or the number in cols. 31-42.

As you can see, this is more unwieldy but the effect is identical.

All flow charts were done for the MAP version but the logic remains

unchanged, WLAB from GETLAB gets replaced by WLAB = Card(N) where

N = 3 if FIELDN = 1

N = 5 if FIELDN = 2

N = 7 if FIELDN = 3

N = 9 if FIELDN = 4
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and call CONVRT(FIELDNJA) is replaced by at least four statements

depending on the subroutine. Also note the input formats in the flow

charts are correct for the MAP version. These minor differences

should not concern the user if he has carefully read the preceding

section and uses the listings as his final arbiter.

(2) All output quantities and their units must be controlled

in detail by the user via subroutine PROUT. All input units must

be in MMFGMS (meters, megagrams, milliseconds).

(3) The user must exercise caution in the timing of history

edits or in his selection of NF unless he has a system facility to

compare with subroutine CLNUP which is in the MAP version only.

(4) Close attention must be given to the data card format in

Generate. See page 121.
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IX. HOW TO RUN "HAROLD"--A PROGRAMMERS POINT OF VIEW

HAROLD is run as two sequential IBJOB's. The Generate section

is run first. Starting from NS--O it creates a zero cycle on the

history tape which contains all the initial conditions of the zone

variables, and, all other parameters you have included in the Generate

data package. For instance, all boundary conditions, step source

functions, convergence criteria, etc., are interpreted in the Generate

section of the program and stored on the history tape.

The Execute portion of HAROLD is where the work is done. It

starts with the initial conditions established by Generate and pro-

ceeds to calculate and output per user specification. It is run as

the second IBJOB.

Since the Generate package contains 65 subroutines and the Exe-

cute package contains 74 (all 74 never need to be loaded for a specific

job), the physical handling of HAROLD can become extremely unwieldy.

What we have done here at RAND to alleviate this problem, is to avail

ourselves of the IBM UPDATE and IEDIT facilities in the following way.

All binary decks, i.e., the 65 Generate and the 74 Execute sub-

routines, have been updated onto a tape. By means of the IEDIT

feature we select only those decks from the tape that we need for a

particular job. In Generate alone this is a reduction from a card

tray containing 65 subroutines, to perhaps 72 control cards.

We have also created a tape contaning the more commonly used

equations of state. Instead of manufacturing your own deck you may

simply use the appropriate control cards to pull the equation of

state of your choice off of the tape.

On a continuation run there is an even simpler option available--

the copy option. If the problem is to be continued with no changes

in the constants used in the Generate run, and the copy option has

been used, all you need is a deck consisting of four control cards

followed by the Execute data package of I card (or 26 cards in the

MAP version). If, however, you do wish to change some of the initial

constants (for instance you may want to increase 04 in order to slow
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down the running of the problem), and you have used the copy option,

all you need are four control cards followed by the appropriate

Generate data cards (in the example just mentioned the appropriate

cards would be the START card, REGION card with proper identification,

ENDATA card), a $IBSYS card, and the four control cards for the Exe-

cute portion, followed by the Execute data package of I or 26 cards

depending on the version you use.

On the following pages are examples of the deck setups for a

start and continuation runs. The start run will be illustrated by

Test Case I the continuation run will be illustrated by Test Case 2.
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CONTROL CARDS

Initial Run for Test Case 1 (all FORTRAN version)

$Jo 4193,HAR20FP59805,30150,C
Initial card for all runs at RAND. Used for accounting purposes and also
supplies machine operators with output information.
$CLOSE S.SUOREWINO
$CLOSE S.SUO9,REWIND
$CLOSE S.SUIOiREWIND
To insure that units are properly initialized.
SIBJOB GEN MAPCOPY=UIO
GEN identifies first IBJOB on copy tape for future use in reload program.
MAP yields memory map which can be useful if you need to juggle storage
space for tabular EOS. Copy tape is on S.SUIO.
%FILE 'FTCO8. ',UO5*,TYPEISINGLEtBLOCKal28,LRL-128,RCT=1
$FILE 'FTCt2.',UO9,*,TYPE1tSINGLE,8LOCK-128,LRLul28,RCT-1
In order to save space, we have changed the standard file descriptions of U09 and
U05 from double to single buffer and from a standard block size of 256 to 128.
As a consequence, we need file cards to describe their configurations. U07 and U06
are written by the system in the conventional way so no file cards are necessary.

$IEDIT UO?,SRCH
Initiates the search of the reel on U07, containing binary subroutines. For
the following decks (COMSIZ and HOLWD must be loaded first and second respectively
for they are never executed and contain the dimensions and BCD labels of all
zone variables).

$IELDR COSIZG
$IBLDR HOLWD
SIEDIT IN
Allows the user to insert any source or binary decks which he might want to add.
(This usually means his own equations of state but can include any subroutine he
might want to modify.) If you want to use equations of state which are on the EOS
tape, instead of $IEDIT IN you would use $IEDIT U06,SRCH followed by the appropriate
$IBFTC cards and ending with $IBLDR ALIBI. Any AIR EOS labeled $IBFTC AIBO
from U06 requires the data from $IBMAP AIDATA on U06. Thus, the AIR EOS is not
available to the all-FORTRAN user without some alteration in the reading in of the
appropriate constants.

$IPLDR GMAIN
S1eLOR GENRAT
SIBLOR STREAD
SIBLDR CYCRED
$IBLDR TMREAD
$IBLDR GEOM
$IBLOR RMREAD
$1BLDR EOSNRD
$IBLDR REGNRD
SIBLDR ZONGEN
$1BLDR PEKG
$IFLDR FINOC
SIFLOR SOURCE
SIRLDR ROUND
SIBLDR COMB
SILDR TMPRD
SIBLOR PERC
SIPLOR FPIOO
SIBLDR FE1O01
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SIEDIT U07,SRCH
$IBLDR RESTRT$IBLOR REOST For $IEDIT U07,SRCH:
$IBLOR ZNGFT $IBLDR "deck name" is a flag to
SIBLOR GRIGN the IEDIT routine to find the
SIBLOR GRIOGH deck called "deck name" on the
$IBLOR ANEUS

SIBLOR GTVARG master file. If the $IBLDR cards
are arranged in the same order as

SIBLDR GETV the binaries on the master file,
$IBLOR JHTU time will be saved.

SIBLOR IKAERR
$IBLDR ALIBI
SIOLOR FPIOOO
SIBLOR FP1001
$IBLOR FPIO02
SIBLOR FP1003
SIBLOR FP1O04
SIBLDR FP1O05
$IBLDR FEIO05
SIBLDR FE1O00
SIBLOR FEIO02
SIBLOR FE1O03
$BLDR FEIO04
SIBLOR FE1005
SIBLDR FXKO00
SIBLOR FKIOOI

SILOR FK1002
$1BLDR FK1003
SIRLOR FK1O04
$IPLOR FK1O05
SILDR DRUA
SIPLDR OPFT
SIPLOR DTSR
SIBLOR DROAXP
SIPLOR DTSRXP
SIPLDR DCDR
SIBLOR OROAMP
SIPLCR DROB
SIPLDR ORUC
SIFLCR DRDI
SIPLOR DROD
SHLR DROE
SILOR D1SRMP
SIFLR DRBND
SIBLOR DPBND
SILOR DZNSRF
SIPLOR ORGSRF
SFNTRY GMAIN
You may include any information you may want for documentation purposes
between $ENTRY GMAIN and the sLart card. The only restriction is there
must be a data card with an (16) format (in cols.l-6) to indicate how
many cards are used for this documentation purpose.

30 Data card with the (16) format to indicate how many

documentation cards follow up to the START card. A
$ sign may not be used in column 1 or any of the documenta-
tion cards.
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HAROLD TEST 1.

IDEAL GAS

EQUATIONS OF STATE FOR THE GENERATOR.

FUNCTION FPI0OI(EV) This is the source deck
FPIO01= .4*E/V corresponding to the binary
RETURN deck $IBLDR FP1001.
END

FUNCTION FEIOOI(EV) This is the source deck
FEIOOI= .139*E corresponding to the binary
RETURN deck $IBLDR FEIO01.
END

EQUATICN OF STATE FOR THE EXECUTOR

SUBROUTINE PET(tATTVPEJ,C) This is the source deck
P = .4*E/V corresponding to the binary
RETURN deck $IBLDR PET 20.
END

Generate Data for Test Case 1.

START INS=O. NF=614.
HISTOR DT= .025 CT= 1.00
PRINT ND= 1. NC= 3. ND=  7. NC= 10.

NO= 40. NC= 250. NO= 13. NC= 263.
NO= 1. NC= 264. ND= 50. NC= 614.

ENERGY ND= 1000. NC= 10000.
TIPE S DT= .0001 DT= .0002
RMIN R= 1.
REG-ION 2001J= 30. DR= .01 T= .0293 RH= .0011

CI= 6. C2= 0. C3= 1.6 C4= 16.
C5= 0.

BObNDA OP= .1
COPBIN JO= S. JS= 0. JM= 23. DR= -. 76923E-02
ZTEMPE Z[= 0. Z2= .0001 JL= 29.
PERCEN XI= 0. X2= C. X3= 0. X4= .4 -05

X5= .125 X6= .1 -03
ENCATA - Signifies end of Generate data and end of Generate section of HAROLD;
the $IBSYS card transfers control to the system monitor and prepares for new
control cards. This card allows 2 $IBJOB's to be run under the same $IJOB
instead of as 2 separate $JOBS.
t It SYS
The following cards exactly parallel the arrangement of control cards in Generate.
$CLOSE S.SU07
$IBJOtB EXEC MAPCOPY=UIO
$FILE 'FTC08.',U05,*,TYPE1,SINGLF,LOCK=28,LRL=128,RCT=I
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$FILE 'FTC12. ',U09,*,TYPEI,SINGLEBLOCK=128,LRL=128,RCT=1
SIEDIT U07,SRCH
SIPLOR COSIZE
SIBLOR EMAIN
SIBLOR FXEC
SIPLOR CINUP
SIFILDR REOST
SIB10R ESTAP
$IPLOR SFT
WILOR HYD
SIPLOR TSR
SIBIOR JHTU
SIBLOR POR
SIBLDR PPR
SIBLOR HIST
SIPLOR ECHECK
steLOR ANEOS
$IBLDR GTVARE
SIPLDR GVRTBE
SIBLOR IKAERR
SIEDIT IN
The same comments apply here as for the Generate section.
Special decks are inserted here as in Generate.

SIRLOR ROA
SIBLOR REGSR
SIELOR ZONSR
SIPLOR PROUT - Good only for this test case.
SII3LOR CZR
SIBLOR PEKE
1181CR FINiCC
SIPFIC RBOUNO

SUBROUTINE R8OUNO(TMOUMqRHO)
COMMON /IKA?/ ERS(6,lO)t ES(61O), TMRS(6tIO), TMS(6,1O)9 RS(1O),

1 JS(1O), NRS(1O), NZS(10)9 RRG(15), JREG(15), CI(115), C2(15)9
2 C3'(15)9 C4(15)v C5(15), FO(15), EMIN(6), EMAX(6), KMIN(6),
3 KMAXt6), PMIN(6), PMAX(6)t TMIN(6), TMAX(6), UMIN(6), UMAX(6),
4TEMIN(6), TEMAX(6), TKMIN(6), TIKMAX(6), TPMIN(6), TPMAX(6), NKMAX,
5 TTMIN(6), 1TMAX(6), TUMIN(6), TUMAX(6)t NEMIN, NEMAX, NKMIN,
6 NPMIN, NPMAX, NTMIN, NTMAX, NUMIN, NUMAX, NRSRCE, NZSRCEt
7 JO, JOS, JOM, DRC, Z1t. Z21 JI, X1, X21 X3v X41 X5, X6, NS,NF,
8 UNCGS, UNMKS, TM, DT, DTP, JSTAR, JHAT, JMAX, DELTA, REGNO, JL,
9 NREG, NEOS, RMIN, RMAXv IRAD
COMMON /VLC/VL(1)
RHO = I./VL(JMAX)
RETURN
END

SIRLOR PET20
5181CR FPIOOl
S181CR FE1001
SIFOIT U079SRCH
1181CR ALIBI
S181CR FPI000
SIRLOR FP1001
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$IBLDR FP1OO2
SIBLDR FP1003
SIBLOR FP1004
SIBLDR FP1O05
SIBLDR FE1000
SIBLOR FEO01
SIBLOR FE1002
$IBLDR FE1003
SIBLDR FE1OO
$IBLDR FE1005
$IBLDR FKIO00
$IBLDR FKIO01
$IELDR FK1O02
SIBLOR FKIO03
$IBLDR FK1004
$1BLDR FK1O05
SIBLOR OROA
SIBLDR DPET
SIBLDR DTSR
$IBLDR DROAXP
SIBLDR DTSRXP
SIBLDR DCDR
SIBLDR DROAMP
SIBLOR DROB
SIBLDR DROC
$1BLOR ORDI
SIBLDR DROD
$IRLDR DROE
SIBLOR DTSRMP
SIBLOR DRBN0
$1BLDR DPBND
SIPLDR DZNSRF
SIPLOR DRGSRF
SENTRY EMAIN

0 ITEST 1. HYDRO ONLY. IDEAL GAS
In the MAP version of HAROLD a 25 card packet (called the output description
deck) which contains variable output information follows immediately. (See
Test Case 2 which uses this 25 card packet.) In the all-FORTRAN version the
user must write his own output routine called PROUT, and the output descrip-
tion deck is omitted.

SISYS
$CLOSE S.SUOTREWIND
$CLOSE S.SUOREWIND
$CLOSE S.SUIO,REWIND
SIBSYS ENDJOB TOTAL NUMBER OF CARDS IN YOUR INPUT DECK
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Continuation Run for Test Case 2.

$Joe 4193tHAR2TBtWAT950O10,0,75,C
$CLOSE S.SU06
$|IJO NOSOURCE
$RELOAD U06,NAME=GEN9SRCH

The following, with the exception of the START and ENDATA cards which must
always be present, are the cards you need to change the constants.

START NSS L31NF= 5000
PRINT OUT NO- 131NC* 131ND= 29NC1

ND- 30NC* 5000
ENERGY EDIT ND- 13INC- 131NO- 2NC=

NO- 30NCa  5000
REGION 1C5M 10.
REGION 2C5m 10.
ENDATA
Signifies end of first job. If no constants need be altered you do not need
the Generate part at all, and to continue running the problem replace the
$IBSYS card with the $JOB card and turn in the following 31 cards. If you
wish to continue from the last cycle on the history tape set NSTART= to
some larger number, say, NF.

SISSYS
$CLOSE S.SU06
$1JO8 NOSOURCE
$RELOAD U06,NAME=EXECSRCH

131 7 10/7/66-HAR. TEST CASE 2-S.P.-IMP.

RADIUS FEET 4
RADAVG
PVELOC FT/SEC I
PRESUR PS! 6
DENSTY KG/M3 5
INTENG CAL/GM 2
TEMPKELVIN 3

TEMAVG
MASS

DYNPRS PSI 7
ARTVIS PSI 8
DELRAD
DEPLET
LMNSTY KT/SEC 9
ROSMFP FEET 10
ROPCTY
EMSMFP
NETPWR CAL/SC 11
BB POWR
RALORT CAL/SC 12
RADLOS
MOPCTY

$1BSYS ENOJOB
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Procedure Cards for I and II

7040/7044 7040/7044

EDP PROCEDURE 90 EDP PROCEDURE 90
PAL NO. PAL NO.

FOR OPERATOR'S USE ONLY: FOR OPERATOR'S USE ONLY:

4193 HAR20F P5980 4193 FAR27B WA795O
JOB NO. RUN 1.0 MAN NO JOB NO. RUN I D, MAN NO.

ABSOLUTE ABSOLUTE
CUTOFF 5 30 w CUTOFF 10 0 75

TOTAL TIME TOTAL CARDS TOTAL PAGES TOTAL TIME TOTAL CARDS TOTAL PAGES
(MUST AGREE WITH JO0 CARD) (MUST AGREE WITH JOB CARD)

L S'",SCRIPT F 4020 SIMSCRIPT 4020
RELN FORTRAN FORTRAN

REEL NO UNIT SYSTEM UNIT TSR FP REEL NO. UNIT SYSTEM UNIT TSR FP

Binaries U)7 DO , U6
Analytic , = UL"
Zqs- U06 -X Hist. 12 -- w9 [aibular S__

Hist. 12 wfl9 aOul 8 U0 5

Copy __0 UI0

The co1y tape now contains

_analytc EOS.

OVER FOR ADDITIONAL INSTRUCTIONS OVER FOR ADDITIONAL INSTRUCTIONS

If tabular equation of state are used, the reel containing the
tabular equation of state must be hung on U05 for all runs,
initial and continuation.
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TEST CASE I

The first test case has thirty identical zones with a =.Ol,

containing ideal gas. The equation of state used is analytic.

Since the problem is hydrodynamics only, the equation of state may

be of the form P(EV) and T(EV), and we have elected to use this

form. (Temperature is not necessary in hydrodynamics-only calcula-

tions and we intend to conserve computing time by not calculating

temperature during execution.) The zones have an initial tempera-
3

ture of 293 degrees Kelvin, and an initial density of .0011 gm/cm
0 0

The initial 6t is .0002 msec, and 6t = .0001 msec. All input

will be in MEGMS, the units in which the problem is calculated.

The geometry is plane geometry. 0 must be non-zero since there is
% 0a continuous left hand boundary condition of P_ . ( I kbar).

The choice of = . is arbitrary. We will expect a shock front to

move from left to right through the thirty zones. We wish to begin

combining and adding zones when the sho k front reaches the 29th

zone. The first two zones to be combined will be zones 6 and 7 and

the zone added will have a Ar of .033 times R/,. Zones will be com-

bined out to zone 23 at which time zones 1 and 2 will be combined.

Since temperature will not be calculated at every cycle,,we

must use a velocity condition to determine J. All zones whose left

hand boundary has a velocity greater than .0001 will be calculated.

XI, X2, X3 and C5 are 0 since they are not used in hydrodynamics-

only calculations and X4, X5, X6, Cl, C2, 03 and C4 will have our

usual values.
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The first 40 cards are for documentation of the problem. They

are read and printed to insure that a record of the equation of state

is included in the output.

START Card

NS is 0 since we are generating a new problem. NF is 614.

Since the problem is hydrodynamics only IHYD is set non-zero.

HISTORY EDIT Card

His.tory edits are desired every 50 cycles.

PRINT OUT and ENERGY EDIT Cards

The first five cycles are to be printed, then every 50 cycles

until the frst doubling of zones, then every 50 until the end of

problem.

TIME STEP Card
n0)

The first DT must be .0001 (At ) and the second DT must be

.0002 (Atk) since the order of these two is significant.

GEOMETRY Card

No GEOMETRY card is included siace plane geometry is desired

and is assumed unless otherwise specified.

RMIN Card
0
R0 = 1. So this card is required.

EOS Card

There are no tabular equations of state so this card is omitted.

REGION and ZONE Card

We assign the analytic equation of state the number 2001 since

we will use the form P(E,V), T(E,V) for the equation of state (any

numbe: between 2000 and 2005 would have been alright). All zones

in the region are similar so they may be defined completely on the

REGION card. No ZONE card will be required. Any two of the three

numbers IR' rIR and A RIR are sufficient to define the zoning.

Since 9IR = 30 and A RIR 01 are given we will input these two

with the labels J= and DR=. T and P are sufficient to define the

remaining zone variables and are input with the labels T= and RH=.

T is input as .0293 since the units on MMEGMS. Since EO, C2 and C5

are to be zero, we need only input Cl, C3 and C4 to complete the

REGION card.
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ZSOURCE and RSOURCE Cards

There are no energy sinks or sources in the problem,so these

cards are not required.

BOUNDARY Cards

We have a boundary condition P = .1. We specify "MIN" on the

card to indicate that the boundary condition is at j=- and use the

label P= to specify that it is a pressure boundary condition. Since

the boundary condition is continuous throughout the problem,ueneed

specify only the value of P. (The TM, the time at which to change

values of the step function, is automatically set very large.)

COMBINATION Card

jo = 5, jos = 0 and jom = 23 and these are input through the

labels JO=, JS= and JM= respectively. The -AR of the zones to be

added is a percent of R, rather than the actual 6R of the zone to be

added so it is entered as -.033. The label DR= is used.

ZTEMPERATURE Card

Z2 i!, chosen as .0001 and jj is chosen as 29. ZI is not input

since it is not used in hydrodynamics only calculations.

PERCENTS Card

Xl, X2 and X3 are omitted since they will not be used. X4,

X5 and X6 are assigned their usual value.

ENDATA Card

The ENDATA card must always occur last.

Two function type subroutines are required for the inputting

of the euations of state P(EV) and T(E,V). P(EV) is included

through the subroutine FP1001 and T(E,V) is included through the

subroutine FEI001. 1001 is used since 2001 was the material number

assigned to the material on the REGION card. The equations of

state are: P(EV) = .4E and T(E,V) = .139 E.
V
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INPUT DATA AND SUBROUTINES INCLUDED FOR EXECUTE PART OF TEST CASE I

Restart Card: This problem will be started at cycle 0 so NS

is 0. Hydrodynamics only is desired so IRAD is 1.

The variables desired as output are Ri, UJ, Pj., Tj., Ej. ,

Pi_,$ QJ_ and 6m. in that order. All variables will be printed

in MMEGMS, the problem units. In RAND version this output is

defined by the output description deck (p.253); in FORTRAN version

by PROUT (p.362).

Since the equations of state are of the form P(EV) and T(E,V),

the subroutine PET is included. T will only be calculated at output

time rather than at every cycle since the problem does not require

it. The expression for P(E,V) is

P = .4E/V.

COUT7, the COUT routine corresponding to temperature, must be

altered to calculate T from E since it is not calculated at every

cycle. The expression for T(E,V) is

T = .139E.

The COUT7 routine is unavailable in all-FORTRAN versions. In

all-FORTRAN versions, this manipulation is carried out in PROUT.

I-



-383-

CHECK LIST

GENERATOR

1. Correct equations of state?

If tabular, mount TABCOE tape on S.SU05.

2. Correct JHT subroutine?

Deck JHTT if Z2 is a temperature

Deck JHTU if Z2 is a velocity

3. a. COMSIZ and HOLWD first and second.

b. ALIBI last (RAND version)?

4. History tape on S.SU09.

*5. Copy tape on S.SU1O, binaries on S.SU07.

*6. Analytic equation of state tape on SoSU06.

EXECUTOR

1. Correct equations of state?
If tabular, mount TABCOE tape on S.SU05.

2. a. COMSIZ first? V
b. ALIBI last (RAND version)?

3. History tape on S.SUO9.

4. If hydrodynamics only correct PET deck?

correct JHT deck?

5. All necessary COUT decks present (RAND version)?

6. For hydrodynamics only, ROA and TSR present?

7. For explicit radiation, CDR, ROAEXP and TSREXP present?

8. For implicit radiation, CDR, ROAIMP, ROB, ROC, RDI, ROD,

ROE, TSRIMP present?

9. For non-step sinks and source, RGSRFN and/or ZNSRFN present?

10. For non-standard combining, PBOUND and RBOUND present?

*11. Copy tape on S.SUIO, binaries on S.SUO7.

*12. Analytic equation of state tape on S.SU06.

*5 and 11 apply only if you are using the copy option, 6 and 12

apply only if you are getting your analytic equations of state
from a tape.
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K. CONCLUSIONS AND RECOMMENDATIONS

The objective has been to anticipate and accommodate more or

less automatically a number of frequently used variants in formulat-

ing problems. The inevitable consequence of such generality is to

confront the user with much more code and more subroutines than any

one problem is likely to need. We hope that we have struck a useful

balance between complete generality and direct and bare-bones simplici-

ty, but only continued use and modification can sharpen the tool.

The learning time for such a complex set of program alternatives

is likely to be several months, during which time the test problems

and other trial runs should provide the "student" with an appreciation

of the possibilities, as well as of the pitfalls. There is no sub-

stitute for careful attention to results. After selecting printout

variables and forms, it is foolish not to spend the time scanning

every number. It is a rule born of sad experience that one should

understand and explain every significant change in every variable.

Where a "mysterious" number occurs, if overlooked or ignored, much

machine time and many pages of useless output may be cranked through

before the seriousness of an error can be fully appreciated. To this

end, we have found it helpful to run long problems in short sections,

reviewing the results of each partial run, making selections of more

appropriate stability or zone-doubling constants, and re-running or

hand checking as indicated.
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Appendix

GLOSSARY

Subroutine

TSR AMBDA The artificial viscosity time stability
conditions = Lambda (see C4).

GETTV AMP Convergence criterion for &T and AV
in GETTV. If (&T2 + AV2) < amp they
are considered to have converged.

BOUND BDRYSW Has 2 values: I if minimum boundary
condition; 2 if maximum.

BOUND BTYPE Has 5 values: I = E, 2 = K, 3 = P, 4 =

T, 5 = U, corresponding to the function
which has a minimum or maximum boundary
condition.

GMAIN C Limit, local variable in CZR, location
of first coefficient in tabular EOS.

HYD Cl(15) Amplitude of quadratic term of artificial
viscosity equation in HYD - input on
region card.

HYD C2(15) Amplitude of linear term of artificial
viscosity equation in HYD - input on
region card.

TSR's C3(15) Multiplicative constant in Omega, the
Courant stability condition; C3=largest
expected effective specific heat (y=l +
PV/E) (see text Sec. II) &t2  1/03.
Input on region card.

TSR's C4(15) Multiplicative constant in Lamda - the
artificial viscosity stability condition;
C4 > 4Ci - input on region card (see text).

TSRIMp, C5(15) Multiplicative constant in Gamma, the
TSREXP radiation diffusion stability condition;

C5 = 1 for explicit: for implicit radiation,
may have any value - input on region card
(see Eq. 51 of text).

REGNRD CISWCH Set non-zero if Cl stability constant
is input on region card.

REGNRD C2SWCH Set non-zero if C2 is input on region
card.

REGNRD C3SWCH Set non-zero if C3 is input on region
card.

REGNRD C4SWCH Set non-zero if C4 is input on region
card.

REGNRD C5SWCH Set non-zero if C5 is input on region
card.
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ROC CAPC(J+l) Cn +  Coefficient for forward-backward
substitution; see Eq. 20.

n+1.ROC CAPJ(J+l) M jn. See Eq. 28.

ROC CAPK(J+l) -Kij 1 . See Eq. 23.

ECHECK CKC The ratio of steradians to 4184.6
jerks/kiloton.

ECHECK CKE(I) Net internal energy summed over all zones
in a region, i.e., the internal energy
minus the initial energy.

ECHECK CKES Internal energy summed over all regions
in the problem.

ECHECK CKK(I) The kinetic energy of a region.

ECHECK CKKS Kinetic energy summed over all regions
in the problem.

ECHECK CKW(I) The sum of the internal energy (CKE) and
the kinetic energy (CKK) for a region.

ECHECK CKWS The total energy of the problem.

PPR;ECHECK CKY Energy loss by radiation thru a region
interface (between materials).

ECHECK CKYO CKY(IR-1); if IR=I, CKYO=0.

PEK COE(1) EOS coefficients from FINDC.

COMSW Set non-zero if combination card is
encountered in data deck.

CYCREDEXEC, CTCK(6) See DTCK(6).
PPR

CYCREDEXEC CTH(6) See DTH(6).
PPR

CYCRED,EXEC, CTP(6) See DTPR(6).
PPR
CYCREDEXEC, CYCSW "I" if history edit card; "2" if print

PPR out card; "3" if energy edit card has
been read.

CDR,ROA D(J+I) =Di. . Depletion term (see Eqs. 34,74).

PEK DE =bEn+ /BT_. A term in CAPC(J+I), Eq.20.

CDR DELER -Rrl - Rnj= 6~R.

CDR DELIL = DELER/FLAM =,W%.

GEOM DELTA Has 3 values: I = plane geometry, 2
cylindrical geometby, 3 = spherical
geometry.

CZR DET Term used in solving a quadratic, de-
fined in CZR subroutine.

ROB DKDMM(J+I) = -_ )3. DKDMTM.

j_
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ROB DKDMP(J+l) =(T.t+ ) 3
e DKDMTM.

T.i

ROB DKDMh =Am + DKMP + in.2. DKNM (amounts to

A'n 6Kat V.)
j 6T.

ROB DKMM = &K at V .4.6Tj 
j

ROB DKMP = KLat Vj+.

RDI DL 6L, a measure of change in luminosity
from previous iteration, i.e., measure
of convergence, see Eq. 31.

DMASS(J+l) =2mj.

DMESS(J+l) =Am. = (Lm. + &n.+).

ZONGENREGNRD DMVAL Region mass.

ZONGENREONRD DMZAL Zone mass.

PEK DP =BPbT"

DR Input value of delta radius on zone or
region card.

COMB DRC The delta radius of the zones to be
added. If it is negative, its absolute
value is the percentage of R(JMAX)
which is to be used as the 6R of the
added zone.

REGNRD,ZNGET, DRSWCH Set non-zero if the increment of the
GRIDGN radius is input on region card.

DRZWCH Set non-zero if the radial increment

is input on zone card.

TMREAD DT Initial half time step input on time

step card as the first DT - is modified
according to appropriate stability con-
ditions in the corresponding TSR routine.

CYCREDEXEC, DTCK(6) CTCK(6) bles of time intervals and

PPR change t es for energy edits, i.e., an
energy edit will occur every DTCK(I)

milliseconds until CTCK(I) milliseconds.

RDI, ROE DTEM 6T, a measure of change in temperature
from previous iteration, i.e., measure

of convergence. See Eq. 33.
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CYCRED, EXEC, DTH(6) CTH(6), tables of time intervals and
PPR change times for history edits, i.e., a

history edit will occur every DTH(I)
milliseconds until CTH(I) milliseconds.

TSR,ECHECK DTMI When At is modified in TSR to obtain the
time step for the next cycle, the At for
the current cycle is preserved as DTMI
to be used in subroutines which follow
TSR during the same time cycle.

TSRECIECK DTM2 Read DTMI and substitute DTP for DT.

TMEAD DTP Initial time step of problem input on
time step card as the second DT - is
modified according to stability condi-
tions in the appropriate TSR routine.

CYCRED, EXEC, DTPR(6) CTP(6) a table of the intervals and
PPR change times for printouts, i.e., a

print out will occur every DTPR(I)
milliseconds until CTP(I) milliseconds.

PPR DTPS If DTP is changed in PPR because of edit
specifications, it is preserved as DTPS
so that the maximum DTP from the pre-
ceding cycle is always available for
modification by TSR.

PPR DTS DT, same argument as DTPS.

EO(15) The initial energy in the zones of a
region.

REGNRD EOSWCH Set non-zero if EO is input on region
card.

n+l
EG(J+-) =E_. New energy. Sse Eqs. 14,17,18.

nEGM(J+I) =Ej. Old energy. See Eqs. 14,17,18.
n+l

EL(J+l) =L. . New luminosity. See Eq. 15.
j

n
ELM(J+l) =L.. Old luminosity. See Eq. 15.

ITYD EMAX(1), TEMAX(I),I=l, NEMAX. Tablesof energies
and associated times for upper boundary.

HYD EMIN(I), TEMIN(I) 1=1, NEMIN. Tables of energies
and associated times for lower boundary.

ERFLAG Set non-zero, causes message to be
printed out, and calls exit if error
is found in data.

REGSR ERS(KIR) The value of the energy of the Kth step
of the IRth region source.
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ZONSR ES(KIZ) The value of the energy of the Kth step
of the IZth zone source.

ROAEXP ES E. Energy value from calculation.

ROA ESS E. Energy value from calculation.

REGNRD ESWCH Set non-zero if energy value for region
is input.

CDR ETA = V /V = p/ density ratio (relative
to ambient).

REGNRD EVAL Region energy input.

ROA EX Energy value from previous iteration
(used with ESS) to test convergence of
energy-pressure iteration from PEK sub-
routine.

CZR,GENRAT EZ Value of energy to be used as initial
or pre-disturbance (ambient) energy for a
zone (used in energy check sum).

REGNRD EZAL Zone energy input.

REGNRD EZWCH Set non-zero if zone energy is input.

PEK F F is P,E, or K if NQ is 1,2 or 3,
respectively and ND is zero; or, F is
6F/T or 6F/6V if ND is I or 2,
respectively.

PEK FD (FN-F)IFN, percentage change in function,
new value over old.

FIELDN Has values "I" thru "4" corresponding
to the 4 fields containing input values
on data cards: 1 for cols.16-27, 2 for
cols. 31-42, etc.

CDR FK Opacity from PEK.

CDR FLAM Mean free path for radiation loss. Is
either Rosseland (IRAD=3 or 6) or
Planck (RAD=4 or 7). See pp. 64,65.

PEK FN New value of function F.

GETTV FNIT aP/bT used in function inversion
(Newton-Raphson method).

GETTV FN2T aE/aT used in function inversion.

GETTV FNIV 6P/aV used in function inversion.

GETTV FN2V aE/ V used in function inversion.

PEKGETVAR FP Derivative from PEK w.r.t. T if ND=1,
V if ND=2, of P if NQ=I, of E if NQ=2,
of K if NQ=3.
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ROC G(J) Forward substitution coefficient, defined
in Eq. 27, p. 12 of text.

TSRIMP, GAHMA Radiation stability styej X40/KO,
TSREXP see Eq.5l,p.20. Ot8R T (C5K nEiaT) =r.

ROC H(J) Foward substitution coefficient defined
by Eq. 22, p. 11.

REG14RD 12000 Has two values: 0 for tabular EOS or
analytic EOS of the form F(TV) ; 1 for
analytic EOS of the form F(EV).

JHTT)JTU IANS 0 if T (or U criterion may be used in
hydro only) < Z2, 1 if T(or U)> Z2.

EXEC IL Counts number of loops thru ROC, RDI,
ROD. These routines converge the
energy in implicit radiation.

REOST.GrVRTB, IBEGC(IJ) Location of first coefficient in IKACOE
FINDC tabular EOS of the Ith Eq. (1-1,2,3

for PEK) of the Jth EOS.

REOST,GTVRTB, IBEGT(IJ) Location of first temperature in IKACOE
FINDC tabular EOS of the Ith Eq.

REOST,GTVRTB, IBEGV(IJ) Location of first volume in IKACOE
FINDC tabular EOS of the Ith Eq.

REOST ICC Location of the first coefficient of
the Ith equation (i.e., P ,E, or K) of
the Jth EOS.

PPR ICK Controls output of energy edits (if 0,
problem continues using At generated in
TSR; if I, At is adjusted to exact out-
put time as specified by energy edit
data card.)

EXEC ICK2 Flag set in EXEC and transmitted to PPR
indicating which pair (of a possible 6)
is used to start with in modifying At's
for energy edits.

REOST ICS Location of the last coefficient of the
Ith equation (i.e., PE or K) of the Jth
EOS.

ESTAB IDENT Represents the name of the variable to
be output by PROUT as indicated on the
output description deck (last 25 data
cards in EKecute).

E,-EC IDENT Problem identification.

f:Ti. 'iB, IDEOS The ID number of an equation of state
u "(tabular).

REOST IEOS The D number of an equation of state
(tabular) on the TABCOE tape.
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PPR IH See ICK, and substitute "history edit"
for "energy check."

PPR TH2 See ICK2, and substitute "history" for
"energy check."

STREAD IHYD Has 2 values: 0 (or blank) for problems
with radiatbn; non-zero for hydro-
dynamics only. Input on START card.

REOST INO A counter, the ultimate value of which
is equal to the total number of tabular
EOS; used as tabular EOS index.

REOST IORDER(INO) A table containing the identification
number of the INOth EOS.

PPR IP See ICK and substitute "print out" for
"energy check."

PPR IP2 See ICK2 and substitute "print out"
for "energy check."

ESTAB IPOS Position number of the related variable
to be output by PROUT as specified in
the output description deck (see IDENT).
(Not used in all-FORTRAN version.)

IR Index for region variables, e.g., C2(IR)
is the C2 for the IRth region.

START CARD IRAD See Sec.VI data description. Selects
(EXEC) type of radiation treatment (IRAD=l for

hydro only), (IRAD=2,3 or 4 explicit
with different loss forms), (IRAD=5,6,
7 iplicit with differeot loss forms).

RDI IRETRN Has 2 values: "" indicates further
looping thru ROC, RDI to affect 6L, 6T,
T convergence; "2" indicates satisfactory
convergence for all quantities in all
zones.

RDI ISl Has 2 values: "1" indicates 6L, L
convergence and -. IRETRN=2; "2" indicates
at least one zone has a non-convergence
in 6L, or L so IRETRN=l and further loGp-
ing thru ROC is called for.

RDI L$2 Has 2 values: "I" indicates 6T,T con-
vergence and IRETRN=2. See IS4.

RDI IS3 Has 2 values: "i" indicates 6L, L con-
vergence and IRETRN=2. See IS1.

RDI IS4 Has 2 values: "I" indicates 6T, T con-
vergence and -. IRETRN=2; "2" indicates
at least one zone has non-converging
5T or T and further looping thru ROC is
called for.
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ESTAB ISIG The number of significant figures desired
for the related variable as specified
in the output description deck (see

IDENT). (Not used in all-FORTRAN version.)

CLNUP ISSW5 Is "0" until an interval timer overflow
occurs when it is set to one. It is

checked in EXEC at the end of each cycle.
If it is "I" history edit and printout
occurs. (A dummy CLNUP subroutine is
used in the all-FORTRAN version.)

EOSNRD ISUB IDEOS(ISUB) is a table containing the
identification number of the EOS corres-
ponding to (ISUB-l) on the EOS card.

REOST,GTVRTB ITAB ITAB I corresponds to P; 2 to E; 3 to
K and tabular EOS are indexed IBEGT
(ITAB,INO).

REOST ITABNO His values 1, 2 or 3 corresponding to
P, E, or K, respectively.

REOST ITC Location of first temperature in the Ith
equation (P,E or K) of the Jth equation
of state.

ESTAB ITEM Has integer values for "i" to "25" which
are associated with a particular variable,
e.g., (i = radius, 3 = velocity, 7 =

temperature) in tip output description

deck (see p.253). (Not used in all-
FORTRAN version.)

REOST ITOTC Total number of coefficients associated
with the Ith equation (i.e., P,E or
K) of the Jth EOS.

REOST ITS Location of the last temperature in the
Ith equation (i.e., P,E or K) of the
Jth EOS.

ESTAB IUNTS(I) The units which you choose the associated

variable to be output in by PROUT as
specified in the output description deck
(see IDENT). (Not used in all-FORTRAN
versioal.)

REOST IVC Location of the Ist vol. in the Ith
equation (i.e., P,E or K) of the Jth EOS.

REOST IVS Location of the last vol. in the Ith
equation (i.e., PE or K) of the Jth EOS.

ZONSR IZ A counter, che ultimate value of which
is equal to NZSRCE; i.e., the tota
number of zone source functions in the
problem.
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COMB,CZR JC When the shock front reaches JL (i.e.,
when JHAT=JL) zones are combined be-
ginning with JO and JO+l.

COMB ,CZR JOM Zones are combined between JO and JOM.
JOM is the last zone to be combined.

COMB,CZR JOS When JO reaches JOM it is reset to JOS
and then zones are combined between JOS
and JOM.

GE7 JEO If EO is input as a negative number on
the region card, JEO=JREG(IR)+l (JMAX
of IRth region) and the initial or
ambient energy of the IRth region is
taken as EG(JEO).

TSRIMP JGAMMA The value of J for which GAM is the
largest, i.e., the zone in which the
most critical value of GAMMA exists.

JHAT The last zone of hydrodynamic interest,
or the last zone for which the value of
T (or U) is greater than orequal to Z2.

TMPRD JL When JHAT reaches /. (or the shock front
reaches JL) the combining and adding of
zones begins.

TSR'S JLAM The value of J for which LAMBDA is the
largest, i.e., the zone in which the
most dritical value of LAMBDA exists.

JMAX The total number of zones in the problem.
JREG(NREG).

TSR'S JOMEGA The value of J for which OMEGA is the
largest, i.e., the zone in which the
most critical value of OMEGA exists.

GRIDGN JORIG The first zone in each region or the J
value at which the next block of zones
(specified by a zone card) begins.

JREG(IR) JMAX of the IRth region, i.e., if there
are NREG regions in the problem, JREG
(NREG) =JMAX.

SOURCE JS(IZ) Zone number into which the IZth source
goes.

JSTAR The last zone of interest in radiation
problems, or the last zone for which
the value of T is greater than or equal
to ZI.

!
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REGIRD JSWCH Is set non-zero if the maximum J value

for the region is input.
n+lROD KDM(J) =(k ) j I1 .  See Eq. 16.

ROD KM(J) =K n2_,i.e., K(TjVj.o. See Eq. 16.
j'j-V

BOUND KMAX(1) TKMAX(I) 1=1, NKMAX. Tables of opaci-
ties and associated times for upper
boundary.

BOUND KMIN(I) TKMIN(I) I-1, NKMIN. Tables of opaci-
ties and associated times for lower
boundary.

ROD KP(J) =Kr+ , i.e., K(TV j+. See Eq. 16.

REGNRD,ZONGEN KSWCH Is set non-zero if opacity for a region
is input.

REGNRDZONGEN KVAL Is the region opacity applies to all
zones in a region.

REGNRDZONGEN KZAL Is the zone opacity.

REGNRDZONGEN KZWCH Is set non-zero if the zone opacity is
input.

ANEOS LA By the time you get to ANEOS all material
numbers are designated by 1000 to 1005
inclusive. Since LA is defined as
(material number-999) it always has
integral values 1 thru 6 inclusive.

GMAIN LIMIT The maximum allowable storage space for
tabular EOS.

FINDC LOOK =IDEOS(ISUB). See ISUB.

MA The material number of the region.

MAT(J) Material number of the Jth zone.

EOSNRD MEOS A counter, the ultimate value of which
is equal to the total number of tabular
EOS used in the problem,

GETVAR MF Has 3 values: I corresponds to P, 2 to
E, and 3 to K.

UNTRED MME(2S Problem units (meters, megagrams, milli-
seconds).

REGNRD,ZONGEN MSWCH Is set non-zero if the region mass is

input.

REGNIRD ZONGEN MZWCH Is set non-zero if the zone mass is input.

N Cycle number.
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PPR CYCRED NCKC(6) Table of final cycles in an interim
specified on energy edit card, i.e.,
energy edit occurs every NDCK(I) until
NCKC(I).

GETVAR NCOT Iteration counter used to terminate loop-
ing at NCOT=22, to interrupt averaging
at 16th iteration, and to initiate a
print.

GETTV NCSW It is zero thru ten iterations which
attempt to converge on Atemp; on the
llth loop it is set to 1 causing a
printout to occur until the 15th pass,
at which time you give up and call exit.

PPRCYCRED NDCK(6) Table of cycle intervals specified on
energy edit card.

PPRCYCRED NDH(6),NHC(6) Table of cycle intervals and change
cycles as specified on history edit
card, i.e., history edits occurs every
NDH(I) cycles until NHC(I).

PPR,CYCRED NDP(6),NPC(6) Table of cycle intervals and change
cycles as specified on printout card,
i.e., printouts occur every NDP(I)
cycles until NPC(I).

BOUND2HYD NEMAX The number of maximum energy boundary
conditions.

BOUND,HYD NEMIN Number of minimum energy boundary
conditions.

PPR NENCK The value of N at which the next energy
edit will occur.

REGNRD NEOS The material number of the region (see
Sec.V region card discussion).

STREAD NF The final cycle to be calculated as
specified on start data card.

RESTRT NFT =NF. Final cycle to compute as specified
on start card in Generate data.

PPR ,CYCRED NHC(6) See NDH(6).

PPR NHIST The value of N at which the next history
edit will occur.

BOUNDHYD NKIM The total number of maximum opacity
boundary conditions.

BOUNDHYD NKMIN The total number of minimum opacity
boundary conditions.

REOST NOTS Number of tem1.ratures used to define
function values in a tabular EOS.
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REOST NOVS Number of volumes used to define
function values in a tabular EOS. Since
all tabular EOS are of the form F(T,V)
the total number of function values in
the EOS must be NOTS x NOVS.

CYCRED,PPR NPC(6) See NDP(6).

BOUND,HYD NPMAX The total number of maximum pressure
boundary conditions.

BOUUD,HYD NFMIN The total number of minimum pressure
boundary conditions.

EXEC,PPR NPRT The value of N at which the next print
out will occur.

REGSR NR NR is in the calling sequence of REGSR
and represents the number of the region
currently being worked on by the calling
subroutine.

NREG The total number of regions in the
problem.

REGSR NRS(IR) The number of steps in the IRth region
source function.

REGSR NRSRCE The total number of region source
functions.

STREAD NS The cycle at which to start calculating
as specified on start card. If NS is
a large number (say greater than NF)
the problem will begin from the last
cycle on the history tape.

EXEC NSTART Start cycle number on Execute section
of card.

BOUND,HYD NTMAX The total number of maximum temperature
boundary conditions.

BOUNDHYD NTMIN The total number of minimum temperature
boundary conditions.

BOUND,HYD NUMAX The total number of maximum velocity
boundary conditions.

BOUNDHYD NUMIN The total number of minimum velocity
boundary conditions.

GETVAR NV Has value I if T is the independent
variable, or 2 if V is the independent
variable.

ZNGET NZ Counter in ZNGET the ultimate value of
which is equal to NZONE.

REGNRDZNGET, NZOI The number of consecutive zones for which
ZONGEN the information on the zone data card is

true (see Sec.V discussion of zone cards).

I_ -
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SOURCEZONSR NZS(IZ) The number of steps in the IZth zone
source function.

ZONSR NZSRCE The total number of zone source functions.

TSR'S OMEGA Hydrodynamic stability measure (X20).(X40) 2

see Eq.49, p.20$ 0 . At2R2 (6 I)PC 3/(Vim
2).

GETVAR OVAR The "other" independent variable (T or
V) to be returned by GETVAR.

GETVAR OVARP Previous value of OVAR in convergence
loop.

ROAEXP P12 =PR n+ = (PR n_+ PR n , time average

of pressure (between n and n+l).

GENRAT PERCSW Set non-zero if percents card is en-
countered.

BOUND,HYD PMAX(I), TPMAX(I) I-1, NPMAX. Tables of
pressures and associated times for
upper boundaries.

BOUND.HYD PMIN(I), TPMIN(1)Il, NPMIN. Tables of
pressures and associated times for
lower boundaries.

PR(J) =Pjk. New pressure.

n
PRM(J) =P i Old pressure.

REGNRD,ZONGEN PSWCH Set zero if pressure for a region is

input.

REGNRDZONGEN PVAL Region pressure.

REGNRDZONGEN PZAL Zone pressure.

REGNRDSZONGEN PZWCH Set non-zero if pressure for a zone is
input.

Q(J)RW Q' Artificial viscosity. (Eq. 13.)

R(J) =R Radius. See Eq. 11.

REGNRD REGNO If used as a counter its ultimate value
is equal to NREG, otherwise it corres-
ponds to NEOS.

REGNRD RGNSW Set non-zero when region card is read.

REGNRDZONGEN RHSWC11 Set non-zero if region density is input.

REGNRDIZONGEN RRVAL Region density.

REGNRDZONGEN RHZAL Zone density.

REGNRDZONGEN RHZWCH, Set non-zero if zone density is input.

RMAX Maximum radius in the problem.

RHIN Minimum radius in the problem.

I
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RRG(15) A table of outer radii of regions.

SOURCEREGSR RS(IR) Region number into which the IRth source
goes.

REGNRD,ZNGET RSWCH Set non-zero if radius is given for
region.

REGNRDGRIDGN RVAL Radius of a region.

RZWCH Set non-zero if zone radius is given.

ROC SAG An implicit radiation forward substitu-
tion coefficient (see Eq.24 of text,
p. 12).

RGSRFN, SFN The value of the energy in the analytic
ZNSRFN source function.

ROE,ROC SIG(J) An implicit radiation forward substitu-
tion coefficient (see Eq.19 of text,
p.11).

TSR SLI Flag set non-zero if A~t has been modified.

REGSR,GDR SR In calling sequence of REGSR. In REGSR
SR=ERS(K,IR)+SFN. It is returned to the
calling subroutine as the total energy
source (step and analytic) of the region.

SOURCE SRCESW Has value I for zone sources, and 2 for

region sources.

ECRECK SUMI The sum of the internal energy of the
region in jerks/steradian.

ECHECK SUM2 The sum of the masses in a region (the
total mass per steradian of a region).
When multiplied by the initial energy of
the region it is used to compute CKE(IR),
the net internal energy of IR.

ECIHECK SUM3 The sum of the kinetic energy of the
region. j

CDR SUMDL Accumulated sum of DELIL, i.e., 6R/%

(see Sec.IV, pp.64-
65). J=JSTAR

ZONSR,CDR SZ In calling sequence of ZONSR. In ZONSR
SZ=ES(K,IZ)+SFN; It is returned to the
calling subroutine as the total energy
source (step and analytic) of the zone.

ESTAB TAB(,) Tables containing the output information
from the output description deck. In
particular TAB(2,IF) contains conversion
factors if output is to be in units
other than MNEGMS.
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TAM4(J+) Average temperature [L(T n+ - 4 (T + 4
n+l k +

= Trl .(j.))

TEM(J+I) =Tn l

i-k*
TEM3(J+I) Temperature raised to the 3rd power

ni-l 3
(Tj_)

TEM4(J+Il) Temperature raised to the 4th power
n+) 4

T~lISQ(J1) (Tl 2
Temperature squared (T._ .?

PEK TDIF Arbitrary temperature change (for
derivatives) = .0001

BOUNDIHYD TEMAX(6) See TMAX(1).

BOUND,HYD TEIMN(6) See TIN(I).

ROCCDR.,PPR THETA(J+I) Loss term for radiation:81I= 2.D. *.

LI o4 R( 6 -1 ) (At) (R/X)f (see p. 65).

CDR THSMM(IR) Old value of THSbM(IR) (from previous
cycle).n+

CDR THSUM(IR) = n
n J -

BOUND ,HYD TKMAX(6) See KMAX(I).

BOUND,HYD TKMIN (6) See KMIN(I).

TM The time of the current cycle.

BOUNDHYD TMAX(I), TTIAX(I), 1=1, NTMAX. Tables of temper-
atures and associated times for upper
boundary.

BOUND,HYD TMIN(I), TMIIN(I), I=I, NTMIN. Tables of temper-
atures and associated times for lower
boundary.

PPR TMCKL = the time at which the next energy edit
will occur.

PPR TM}L = the time at which the next history
edit will occur.

PPR TMPL = the time at which the next print out
will occur.

SOURCEREGSR TMRS(KIR) The time corresponding to ERS(K,IR).

SOURCE,ZONSR TMS(KIZ) The time corresponding to ES(KIZ).

BOUNDHYD TPMAX(6) See PMAX(I).

BOUND,HYD TPNIN(6) See PMIN(I).
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REGNRDZONGEN TSWCH Set non-zero if region temperature is
given.

BOUND,HYD TTMAX(6) See TMAX(I).

BOUND ,YD 'TM IN (6) See TMIN(I).

BOUND ,HYD TUMAX(6) See NMAX(I).

BOUNDHYD TUMIN(6) See NMIN(I).

REGNRD,ZONGEN TVAL Region temperature input value.

REGNRD,ZONGEN TZAL Zone temperature input value.

RE3NRD,ZONGEN TZWCH Set non-zero if zone temperature is
given.

U( =un+l. See Eq. 8.

BOUNDHYD UMAX(I), TUMAX(I), I=1, NUMAX. Tables of
velocities and associated times for
upper boundary.

BOUNDHYD UMIN(I), TUlIN(I), 1=1, NUMIN. Tables of
velocities and associated times for
lower boundary.

UNTRED UNCGS Has values 0 or 1. It is I if output
is in CGS units.

ESTAB UNI(,) Table containing output units as speci-
fied in output description deck (M'AP
version only).

UNTRED UNMKS Has values 0 or 1. It is I if output
is in WKS units. (Meter, kilograms,
seconds.)

REGNRDGRIDGN USWCH Set non-zero if region velocity is input

REGNRDGRIDGN UVAL Region velocity input value.

REGNRDZNGET UZAL Zone velocity input value.

REGNRD.ZNGET UZWCI Set non-zero if zone velocity is input.

PEK VDIF Arbitrary infinitesimal volumT change
(for derivatives) = .0001V"_ .

J-2

VL(J) =Vn+ l . New volume. See Eq. 12.

VLM(J) =Vn_. Old volume.

REGNRD ,ZONGEN VSWCH Set non-zero if specific volume of region
is input.

REGNRD,ZONGEN VVAL Value of specific volume of region input.

REGNRD,ZONGEN VZAL Value of specific volume of zone input.

REGNRD),ZONGEN VZWCH Set non-zero if specific volume of zone
is input.
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WIAB The temporary name of the card title,
variable label or variable value in all
Generate subroutines which read and
interpret data cards.

ECHECK WTERM Net energy of the region.

PERC Xl See Section V, pp. 117, 118.

PERC X2 See Section V. pp. 117, 118.

PERC X3 See Section V, pp. 117, 118.

PERC X4 See Section V, ;-? 117, 118.

PERC X5 See Section V, pp. 117, 11.

PERC X6 See Section V, pp. 117, 118.

TSRIMP.TSREXP X1O 2 times DTP.

TSR'S X20 Used to obtain OMEGA ().

TSR'S X30 Used to obtain LAMBDA (h).

TSR'S X40 Used to obtain GAWM (t).

TSREXP,TSRIP XIOTRM Calculated value to be compared with
X1O for obtaining new Lt.

RDI XL =DL/X2/EL(J+l).

RDI XT =DTEM/TEM(J+).

TSR'S XX (Dummy label for X20,X30).

ZTEMP ZI See Section V, p. 117, Ztemperature card.

ZTEMP Z2 See Section V, p. 117, Ztemperature card.

REGNRD(etc.) ZGETSW Is set non-zero if further data is
needed for region definition.

ZONGEN ZNQSW ='" if region data is complete, ="I"
if T only given, &"2" if V only given,
="3" if E only, ="4" if P only, ='5" if
K only, ="6" if no region variable given,
='7" if mass only supplied.

REGNRD)ZONGEN ZNSWC Set non-zero if card is "zone" instead
of "region."

GENRAT ZTEMSW Set non-zero if Ztemperature card is
encountered.
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